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single pulse unidirect 
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Operating Range 0-20 kc COUNTING AND BATCHING 
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TRONIC ENGINEERING 


The use of printed circuits in television turret 
tuners offers attractive advantages both from 
the quality and performance of the product 
and the reproducibility of performance. 
Printed circuits, however, limit the scope of! 
wiring connections mainly to two dimensions 
instead of the three dimensional freedom of 
normal wiring and the existing connections 

of frequency changer valves are not very 
suitable for use with the existing cascodes. 

In order to realise the expected improvement 
in performance both the basing connections 
of the pins and the internal connections in the 
valve have to be optimised. The new 
Ediswan Mazda 30C13 has been specially 
designed to overcome these problems and 
give improved performance in gain and 
Stability, particularly in Band III. 

Samples and preliminary technical information 
on the 30C13 will be available at an early 
date to Set makers only. Our Application 
Laboratories will be pleased to discuss 


your problems. 


EDISWA 


MAZDA 


valves and 
cathode ray tubes 


SIEMENS EDISON SWAN LTD. 
VALVE AND CATHODE RAY TUBE DIVISION 
ISS CHARING CROSS ROAD - LONDON .- W.C.2 
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STANDARD TYPE RESISTORS 
THE LARGE RANGE pevscance range 0s otmece2 Megohm 
of to tolerances’as close as +0.! 
Power ratings | Watt, 
FINE QUALITY rsd 


A 24 MEGOHM 1 
12 KV HIGH 
STABILITY RESISTOR 





8 x I” diameter fora 


stabilised high voltage power supp 





A 0.1 ohm 1 
40 WATT RESISTOR 


WIREWOUND RESISTORS cH damet 
anaes A.1.D. & A.R.B. Approved stable meter shunt 


wirewound resistors are designed and 
{ Care to meet exacting requirements 
is. Improved stability is obtained 
»ficier S guarantee Special 
ations A “PLUG-IN” TYPE RESISTOR 


rther deta s of our specialised service 





A recently introduced range for 


Aly ¥4#1.G COMPONENTS Ltd. use where flexibility combined 


with high performance is required 


551 HOLLOWAY ROAD, LONDON, N.19 
Telephone: ARCHWAY 00145 











WASHERS 


Beryllium Copper “‘Wavey’’ Washers. 
For Electronic Components. Range 
8BA to }. Corrosion resisting, non- 
damaging to components, higher 
resistance of ‘‘set’’, higher recovery of 
load, permanent spring action. They 
are fabricated from Beryllium copper, 
heat treated to VPN 350 minimum, 
Electro Plated to DTD. 924, Cadmium 
Plated to DTD. 904 and Passivated to 
DTD. 923. Samples and price lists on 
request. 


LEAVE /7 TY 


Lun 


OF REDDITCH 


RINGS, SPRING CLIPS 
ESSWORK, WIRE FORMS 


THE LEWIS SPRING CO. LTD. Resilient Works, Redditch, VOLUTE SPRINGS 


Tel: Redditch 720PBX London Office: 122 High Holborn, W.C.1. Tel: Holborn 7470 & 7479 
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POLYTETRAFLUOROETHYLENE 


SPRAY COATING 
DISPERSIONS 


*Fluon’ p.t.f.e. spray coating dispersions give excellent non-stick, non- 
wetting, and low friction surfaces when applied to metals, glass and 
ceramics. 
This range of dispersions comprises : 
‘Fluon’ p.t.f.e. Dispersion Primer P.I. (Solution A). 
Acid Solution B (for use with ‘Fluon’ Dispersion Primer P.I.) 
‘Fluon’ p.t.f.e. Dispersion Clear F.1. 
‘Fluon’ p.t.f.e. Dispersion Black F.1. 
‘Fluon’ p.t.f.e. Dispersion White F.1. 
They can be applied by spraying, dipping or brushing to a wide 
variety of base materials. 

P.t.f.e. is the best of the non-stick materials and its very low 
coefficients of static and dynamic friction are equal and about the 
same as wet ice on wet ice. 

The uses of dispersion coatings are manifold. They range from 
the handling of foodstuffs to mould release for rubber tyres, and 
from a low friction coating for mechanical cables to a non-wetting 
surface for ceramic insulators. 


‘E"*Ir.t7 ON ’ 


‘Fluon’ is the registered trade mark for the 


polytetrafluoroethylene manufactured by LCT 














IMPERIAL CHEMICAL INDUSTRIES LIMITED: LONDON : S.W.1 
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PERFORMANCE ASSURANCE WITH 


COSSOR 


PRINTED CIRCUITS 


AN INSTRUMENT RANGE 
IN KIT FORM 


Q. Why has Cossor Instruments decided upon 
this innovation 

A. To make available a range of first-class 
measuring instruments at a considerable 
saving in cost to the Buyer 


Kit instruments inferior in performance to 
f equivaient 

if assembled and wired 

in accordance with the Manual of 


ictions., 


certain skill must, surely, be required to 


build these instruments 7 
None beyond the ability 


soidering iron. 


How can a performance specification be main- 


tained without setting up with test equipment 
y by the use of PRINTED CIRCUITS 


allow no interference with the layout 





| parts of the circuit. 


ruments are at present 


Three. Two Oscilloscope a Single-Beam 
, ind a uble- - < i alve »itmete 
Model 1071K Double Beam Kit Oscilloscope nd a Double-Beam, and a Valve Voltmeter 
Others will follow shortly 
List Price £69.0.0 
Hire Purchase Facilities Could I have more information on these 
interesting instruments 7 


A. With the greatest ot pleasure Just write to 


COSSO R INSTRUMENTS LIMITED 


The Instrument Company of the Cossor Group 


COSSOR HOUSE HIGHBURY GROVE - LONDON, N.5 


Telegrams : Cossor, Norphone, London Cables : Cossor, London 


Trade Terms on Application 


Telepnone : CANonbury 1234 (33 lines) 
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ATIONAL | t UNIVERSITY OF CAMBRIDGE, Department 
f Eng ‘ r Post-Gradua c r in Cor SITUATIONS WANTED 
CITY AND GUILDS ( Post-Gra¢ 
PASS—NO FEE er : et nt . soem op nao. 7 
esse For ieta fo rn courses ir , - a oe EXECUTIVE ENGINEER wit 
a branches rical Technology ) - A : gee ace a perience f laboratory adm 
ur 144-page handbook—FREE and post fr a “5 : , . ae, -— > appointment with manufacturer 
B1E.T. (Dey 3 20 Wright's Lane jon ; ae Bic ses 00 a equipment, preferably in Herts 
ws 3 a ~ ' suit o~ . ntr P t Ww 7 
THE COLLEGE OF AERONAUTICS. 
Board of Entry of the ¢ ege invites applications 
from suitable undidates for the two-year course 
October 1958 and ends in 
The course is intended for selected ecre 
graduate standard. Candidates whx than | ily 195 andidat« wuld hold a 
) possess a University Degree may offer exer r er r uits alternative 
alternative evidence of educational attainment jualif m ar have i some practical train 
for example, a good Higher National Certificate zg and perien They w be required t INTEGRATED DATA-PROCESSING: Electrica 
with a satisfactory record of apprenticeship or tend rview in Cambridge on or before engineering graduate, 27, very broad training in 
equivalent experience in industry. All applications iStl 1 Further details and form heavy electrical industry, seeks experience where 


are considered by the Board of Entry which may f apr n for adm mn may be obtained -nthusiastic long-term thinking on O. & M., O.R., 
‘ 


Over 


GRADUATE ELECTRONIC ENGINEER, 
years research experience electron i 
ments, wants development em 

English industry, if possible ir 

Dipl. Ing. A..S, Vienna 15 

Austria 


nic 


all candidates r interview. The College, a post < retar Cambridge Universit programming leads to Integrated Data Handling 
graduate institutior is devoted to the study of utr t f ngineerir Trumpington Street Systems for induStry South-East England pre 
acronautical science and engineering. The curri- brid W 2807 ferred. Box W 1982 
slum vers the five main subjects of Aero- 
dynamics, Ajircraft Design, Aircraft Electricai NAVAL OFFICER, 39 A.M.1.E.E A.M.!I 
Engineering, Aircraft Propulsion and Aircraft PATENTS Mech.E A.M. Brit. 1.R.E recently retired (not 
Economics and Production, Instruction in the first : axed initial apprenticeship with leading engin 
year is designed to provide all students with a eering combine many years marine, aircraft 
broad background of knowledge in all these sub WELL-KNOWN FIRM of Precision Engineers general, electronic experience, fully familiar with 
jects, with opportunity for limited specialization and Instrument Makers (London area) are desir- industrial problems, keenest interest in implica 
two or three of them. In the second year us f entezing into a Licence Agreement or tions of free trade area and export markets 
udents specialize more articularly, usually i ms . - , “trical speaks rench, German, Arabic, at 
ne subject. The seneidine in the syllabus b _ by pgp te Potente ry x9 ae ales fat appointment with 
. and/or mechanical devices of a Precision Instru- PP 

Jesigned to fit students for a career in either ment character, or of a consumer goods nature facturers, seeks executive positior 
Aircraft or Guided Weapon engineering. Experi- Adequate capital and production facilities are or would be interested to act 

the air are an important part of the available to develop, produce and market suitable capacity. Box W 1979 

in the first year when all students jevices. Communications should be addressed, in 

in them and in the second year when the first instance. to Major S. F. M. Neill, Louis 

linked to the specialist work of the Newmark. Ltd.. Croydon, Surrey 217 
jepartments. Students who satisfactorily complete 2 
the course receive the Diploma of the College ; 
Further particulars and details of the procedure WANTED 
for enrolment may be obtained from The Warden, BUSINESS OPPORTUNITIES 


ms 


The College of Aeronautics, Cranfield, Bletchley 
— ware COPIES of “Electronic Engineering” from 
T.Vv¥. AND RADIO-—-A.M Brit. IR.E., City & EXPERIENCED YOUNG ENGINEER SEEKS January to December, 1957. State price and 
Guilds, R.TE.B. Certificate, etc., on “‘No Pass DIRECTORSHIP with investment up to £15,00 issues available to Box W 2779 

No Fee’’ terms. Over 95 per cent successes in private company, precision or electronic engi oo ’ ; 
Details of Examinations and Home Training eering automation, applications in new indus BALL AND ROLLER BEARINGS, etc 
Courses in all branches of Radio and T.V. Write tries, etc. Southern England preferred Write Also surplus goods—especially hand 
for 144-page handbook—Free. B.I1.E.T. (Dept Box EE 680 LPE Romano House 399 /401 descriptions ordes 138 New Cavendish 
337H), 29 Wright's Lane, London, W.8. W 187 Strand, W.C.2 W 2767 Street, London, W.1. MUSeum 525 W 2798 
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The computer will deal with this easily, 
but it won't solve your staff problems. 
Take a classified 


advertisement in 


Electronic Engineering 
and solve your problems 


Write for ORDER FORM and rates to :— 


Electronic Engineering 


Advertisement Department 28, Essex Street, Strand, London, W.C.2, Tel: CENtral 6565 
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Attractive research jobs for able and 
ambitious young scientists are available in 
Hollerith Original work is 
encouraged. Laboratories are well-equipped 


for electronic research. Salaries are excellent 


electronics. 


and prospects outstanding. Senior men will 








Interesting jobs for young scientists 


operate as group leaders. Postgraduates are 


required ad group members. Groups are 


_ small and highly specialised. Applicants will 


appreciate the considerate cmployment, 
good pension scheme, help with housing, 
and other amenities that go with these posts. 


Write to the Head of Research, The British Tabulating Machine Go. Ltd., 
L:lectrome Research Laboratory, Gunnels Wood Road, Stevenage, Herts. 


Hollerith electronic computers 
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A. V. ROE & CO., LTD. 


WEAPONS RESEARCH DIVISION 
(Guided Missiles) 
WOODFORD, CHESHIRE 


Applications are invited for positions as 


SENIOR 
ELECTRONIC ENGINEERS 


to participate in one of the following:- 


|. Development of ground and airborne V.H.I 


communication equipment 


Circuitry development for various measuring device 


concerned with a Guided Weapon Project 


i Degree r HNA tandard 


Applications to:- The Personnel Manager, 


A.V. ROE & CO. LIMITED, GREENGATE, 
MIDDLETON, MANCHESTER 


Quoting reference SEE/WRD/R.87/E 











THE WAYNE KERR LABORATORIES 


require 
ELECTRONIC ENGINEERS & DRAUGHTSMEN 


for development work in the following fields: 
ELECTRO-CHEMICAL AND ELECTRO-MECHANICAL MEASUREMENTS 

4.F., V.H.F., U.H.F. AND MICROWAVE MEASUREMENTS 
INDUSTRIAL PROCESS CONTROL EQUIPMENT, PULSE TECHNIQ 


M EASUREMENTS 
duced by 
Laboratories f 
stiets r ad wortd-wide 
Laboratory and Industrial us 
Attractive and interesting positior 
flering scope for inituative and ability 
ure available for Senior and Junior experience 
Development Engineers and Draughts Electronic apparat 
men 4 appointment 
For Seni posts a minimun f carry attractive 
Honours Degree Standard or equiva membership of 


iz ution which will be treated ir } 


THE CHIEF DEVELOPMENT ENGINEER, WAYNE KERR LABORATORIES LTC., 
3, SYCAMORE GROVE, NEW MALDEN, SURREY. Telephone MALden 2202 





ELECTRONIC ENGINEERS 


Male or Female 


are offered an opportunity to join pioneer team to 


INDUSTRIAL DATA HANDLING. Candidates will be 


judged more by their ability to master new problems, their 


WOrkK on 


general intelligence and training than by specific experience 


Salary and prospects will be commensurate with ability and 





performance. Please apply to 
Chief Engineer. 
Panellit Limited, 
70, Dudden Hill Lane, 
London, N.W.10. 
Telephone: Willesden 5141 
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CANADA 


needs 


MICROWAVE ENGINEERS 


The foremost microwave tube plant in Canada is expanding 
its activities in a residential suburb of Montreal. Here is 
an opportunity of joining Canada’s young and rapidly 
growing electronic industry Vacancies exist at junior, 
intermediate and senior levels including possible project 


leader status as follows 


(a) Design and Development Physicists and Engineers 
required for work on advanced types of magnetrons 
and other microwave power tubes, TR cells and 


duplexers, cathode and ceramic sealing techniques 


Application Engineers to collaborate in microwave 


tube matters with equipment designers and users 


Quality Control and Production Engineers for 
Magnetron Department 


Salaries range from $5,000 to $10,000 per annum according 
to qualifications and experience. Selected applicants will 
be interviewed in London. Full details of qualifications and 


experience which will be treated in confidence 


Box EE 4005, 
LPE, Romano House, 
399 401, Strand, W.C.2. 
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DRAUGHTSMAN 


required to join a small team engaged on the design and 


development of instruments for research in the oil industry at 


THORNTON RESEARCH CENTRE 
(near Chester) 
shop experience, and some drawing office experience, 
1 instruments or small electro mechanical units is essential 


ive-day week and attractive pension scheme Write to:- 


‘* Shell’’ Research Ltd., 
Staff Department (RD), 16 Finsbury Circus, 
London, E.C.2. 





PHYSICISTS AND 
ELECTRICAL ENGINEERS 
Applications are invited from Honours Graduates for special 
work on the development and manufacture of new electronic 
and gas discharge devices 

The work will be carried out in close collaboration with 
the RESEARCH LABORATORIES of THE GENERAL 
ELECTRIC CO. LTD. 

A number of senior positions are also available 
Candidates are invited to apply quoting R/1 to 
‘ Personnel Officer, 
THE M.O. VALVE COMPANY LTD. 
Brook Green, Hammersmith, 
LONDON. W.6. 
(A subsidiary of The General Electric Company Ltd.) 
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Pd TELECOMMUNICATIONS 


TRANSMISSION DEVELOPMENT 
ENGINEERS 


This advertisement will interest men with experience 


one Or more of the following ranges 


1. TRANSISTOR APPLICATIONS 

2. FILTER AND NETWORK DESIGN 

3. PULSE MODULATION 

4. V.H.F. AND MICROWAVE TECHNIQUES 

5. COMPONENT MINIATURISATION AND DESIGN 
6. TRANSMISSION EQUIPMENT PRACTICE 


The full resources of a world-famous Company are being ye 
organised to develop existing and new techniques in these om 
wenn is ERICSSON TUBE DIVISION 

Vacancies exist for Senior Engineers with Honours Degree arete 
qualifications to take up positions of responsibility on work 
of first rate importance Junior Engineers of H.N.¢ 
standard with suitable training and experience will also be re uir 6 
considered CC C. 

London facilities for specialised courses and further study 

These are ground floor vacancies, with consequent 
opportunities for progress 

appropriate experience in 3 or 4 may be 

nominated for certain vacancies at the Company's research 
laboratories ¢ arlow New Town and also at the A.E.I 
group research establishment at Aldermaston 

Applications in confidence will be assessed on previous 
experience and qualification Progressive salaries will 
be offered to suitable candidates, with participation in Group 
eNsio; nd ssurance schemes Write with full 

cc A c c 

detatls 


Staff Officer, Ref. 744/100 
SIEMENS EDISON SWAN LIMITED 
Woolwich Works, LONDON, S.E.18 








ELECTRICAL ENGINEER 


to lead small Research Team. 


BO 


Appl confidence to Box W2790 


ELECTRONIC ENGINEERING 





28. ESSEX STREET 





ee eee 


LONDON, W.C.2 
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TECHNICAL ASSISTANTS 
FOR ELECTRONIC WORK 


Applications are invited from men with O.N.C. and 
H.N.C. in electrical engineering and previous experience 
; | tr 


} r oto ' mt 
ol development work On eciectronic equipment, for ll 


Ol 


analogue computer development laboratories at Whet 


ERICSSON 


TELEPHONES LIMITED 


BEESTON, NOTTINGHAM, ENGLAND 


stone, near Leicestet 


Please apply to Dept. C.P.S., Marconi House, 336 7 
Strand, W.C.2, quoting reference EE 1806A. 


ENGLISH ELECTRIC ATOMIC POWER DIVISION 


‘ 
s 
s 
, 
‘ 
s 
s 
s 
s 
s 
s 
s 
s 
s 
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SITUATIONS VACANT { 








SOLARTRON 


Young and Vigorous Organisation 
Fresh and stimulating atmosphere 
Maximum _ individual responsibility 


Progressive 
Opportu nittes for : 


SENIOR 
ELECTRONIC 


ENGINEERS 


at Dorking, Surrey: 


(a) With experience in leadership and proven 
ability in original circuit design work of an 
advanced nature in any of the following fields 


Analogue Computers 
Digital Techniques 
Data Processing 
Instruments 


(b) With experience in circuitry design and 
development to production stage. Successful 
engineers will be required to develop to 
production stage digital programming devices 


for industrial controls 


A programme of rapid expansion offers 
excellent career prospects. 


Please apply to 
The Group Personnel Officer 


THE SOLARTRON 
ELECTRONIC GROUP 


LIMITED 


Thames Ditton, Surrey 
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A. V. ROE & CO., LIMITED 
WEAPONS RESEARCH DIVISION 


(GUIDED MISSILES) : 
WOODFORD, CHESHIRE 
* 

$ 


TRIALS DEPARTMENT 


Applications are invited for the following positions The work 
concerned with the development of a guided weapon project 


1. ELECTRONIC TECHNICIANS 

for prototype layout and assembly work, and to test 
and service missile components and associated monitoring 
equipment. 


2. ELECTRONIC TECHNICIANS 

to plan and calibrate missile instrumentation installations 

3. ELECTRONIC/MECHANICAL 
TECHNICIANS 


for installation and first line servicing work on missile 
monitoring equipment 


4. MECHANICAL TECHNICIANS 

to develop and manufacture prototype mechanical 

instruments. 

5. DRAUGHTSMEN 

with experience in electronic lay-out and small scale 

production requirements 

Some industrial or service experience is essential { 

posts, and applicants should preferably be of O.N.€ 

Apply to: The Personnel Manager, 
A. V. ROE & CO. LIMITED, 
Greengate, Middleton, Manchester 
Quoting reference MISC/WRD/R.88,E 





RESEARCH LABORATORY 


Thermonuclear Reactions 


Two Electrical Engineers 


required for 


Associated Electrical Industries Research Laboratory, to 
design and supervise construction of highly specialised 
installations for the study of thermonuclear reactions. These 
include the high voltage high current field, low voltage 
very heavy current engineering, and electronics 

Applicants should preferably have A.M.I.E.E. or equivalent 
A knowledge of high voltage heavy current switching, and in 
particular of ignitrons and associated circuitry, is required 
In addition, a knowledge of electronics and pulse techniques 
is required for the design of multiple synchronised triggering 
circuits. 

Since the scope of this work is to be covered by two appoint- 
ments, it is not necessarily expected that any one applicant 
should have knowledge embracing the whole field 

The Laboratory serves a large group of companies. It is 
situated in pleasant rural surroundings near Reading with a 
fast train service to London 

Apply in writing, quoting reference No. W/EE/1!, to the 
Personne! Officer, 


Research Laboratory, 
ASSOCIATED ELECTRICAL INDUSTRIES LIMITED, 
Aldermaston Court, 
Aldermaston, Berkshire. 
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SITUATIONS VACANT (Cont'd.) 








A SENIOR ENGINEER 


A vacancy has occured in a team connected with an advanced project 
in our Missile Division The work concerns the investigation of the 
effects of various systems in the power sources. The successful applicant 
will be expected to provide technical advice to the Design Office to 
enable them to specify the missile system winding looms 


A knowledge of power system electronics is essential, as well as servo 
systems, to enable him to deal intelligently with the control mechanisms 
He will be responsible for building up a staff of 3/4 junior engineers in 
the future. Applicants should have a Science degree, or H.N.C. with 
adequate experience, and the position carries a salary range of 


£1,000/ £1,200 


Please apply in writing, giving fi particulars of past experience to the 
Personnel Manager (Ref.4) 


DE HAVILLAND PROPELLERS LIMITED 
MANOR ROAD HATFIELD ~- HERTS 














TRAINING IN ELECTRONICS 


We can supply specialist self-study Courses in Electronics at 
all levels. We also operate supervised training schemes in all 
types of works and factories. 

In addition, we have a wide range of educational equipment 
available for use as training aids in radio, television and 
electronics 


Please adv 7 ents and write to:— 


E.M.I. INSTITUTES, Dept. 11, London, W.4 


(The educational organisation of the 
E.M.1. Group of Companies which include 
“HIS MASTER'S VOICE’’, COLUMBIA, ETC.) 












“@-MAX " MODEL 
G.D.0.1A GRID DIP 
OSCILLATOR 
s an ideal instrument for 
the determination of tuned 
rcuit resonant frequency 





| tuning transmitters without 

application of power, for 
the determination of ¢ 

4 tua and stray 4 
ances and both fixed 
stray capacitances Co 
>» to 300 Me's 

= ranges PRICE is 

omplete 

“Q@-MAX" CHASSIS — 


CUTTERS 
The easiest and quickest way of 
cutting holes 1 SHEET 
METAL 
each 
{ 129 


23 : Patent No. 6/9178 








40 Page fully illustrated catalogue of Electronic and Hi-Fi Equip- 
ment free on appli.ation 


ERR Y. 


25, HIGH HOLBORN, LONDON, W.C.I. 


Tel.: H t 62 2 



































® PHIL-TROL 
SOLENOIDS 


Range covers types 4! and 
42 (front |” x 13”) 38, 39 
and 40 (front 1” x !}*) 
and power A.C. and D.C. 


sizes up to 60 inch-Ibs. 
Solenoids are normally 
despatched same day 6 v-460 v A.C. and 


as receipt of order. D.C. types 


& ® 
PHILLIPS CONTROL (G.B.), LTD. 


Dept. G7, Farnborough, HANTS. Tel: Farnborough 1120 


QUICK DELIVERY 




















“A complete library 
in two volumes... 


KEMPE’S vexe-soox 
YEAR-BOOK 
Edited under the direction of the Editor of “* The Engineer” 


1958 Edition price 82/6 (plus postage 2 6) 


from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone : CENtral 6565 
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“WARDRAY”’ 
ELECTRIC INSULATION STRIPPER 


For removing terminal ends 


Strips co-axial cable and PVC polythene 
and rubber sheathing —in seconds! 







































and absolutely no harm to core! 
ust plug in the ‘““WARDRAY STRIPPER" and rotate Pric 47 
the cable-end on the instantly heated element a 
between the two terminals when a clean cut will Pose Free U.K 
be burned through the sheath 


Exclusive of Plug 
Pleas state voltage and frequency of supply Connector 


WARDRAY & COMPANY LTD. 
Stanley Road, West Hendon, London, N.W.9 
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Extended range of connectors and extrusions 





ULOK NOW MORE VERSATILE THAN EVER / 





labour The sys 
and prototype work as well as for pr¢ 
tion runs. Various corner conne« 
and strong, light alloy extrusions 
together to form the framework requil 
Where fixed panel: 
back and base 

a groovy in the extrusion Spocer Bar Cruciform 
Junction (IE 1009 
Spocer Bar Extrus 
(1E/2008) 


lesigned f 





Scope for design unlimited 





The Imlok extrusion is now available 
in five alternative strengths to suit 
almost every application, and the exten- 
ded range of components means unlim 
scope in shapes and sizes. Special 

} f 


for quick, accur: cutting and fi 


alsosupplied. May wesend more details 





Economical, too! 





The material’s cost of 
framework for this Heavy 
Duty Double Bay Rak, size 6 
x 3’ 6" x 1’ 9", using t 
Heavy Duty components 
illustrated, is little over 
£30. 
Using general duty com- 
ponents, i.e., ITE/1001 90 
Casting, IE/2024 90° strength- 
Extrusion, LE/ 1004 
Spacer Bar Casting, IE/2008 Spacer Bar 
Extrusion and IE/1009 Cruciform Junc- 
tion, the material's cost for the frame- 
work only is just under £20 
ALFRED IMHOF LIMITED Dept. F 13 
112-116 New Oxford Street London WC! Tel: MUSeum 7878 
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DENMARK 


BROEL & KJAR 


DENMARK 


BRUEL & KJIAR 


= 
oe 
= 
z 
w 
{o) 


DENMARK .BRUEL & KJIZAR DENMARK. BRUEL & KIAR 


BROEL & KJAR 


TWO DEVIATION TEST BRIDGES 
Type 1504 and 1506 


for 


COMPONENT PRODUCTION CONTROL 


Type 1504 
Type 1504 and 3990! 


Resistors, Capacitors and inductances can now be classified at a rate of 


4000 Units per hour 


when the Test Bridge Type 1504 or 1506 is used in connection with the knee-operated Test Jig Type 3901 
The impedance and phase angle deviation from a known] R, L or C standard can be read directly in °, off the 
instrument meter 

Type 1504 operates at a measuring frequency of | kc’s and Type 1506 at a frequency of 100 kc’s 


Three calibrated, interchangeable scales are supplied 
with the instrument enabling impedance deviations 
within the following ranges to be measured 1.5 
to 1.5%, 7% to + & % and--25 % to 35 
and phase angle deviations from (—1.5 to 1.5) 
10%, (—7 to + 7) x 10° and (—25 to 25) 

10° radians 

In addition three blanco scales are provided in order 
that the customer may calibrate them or particular 


requirements 





Test ranges Type 1504 Type 1506 





Resistance 10 N—-IOMQD 10 O—-SOkQ 
Capacitance 50 pF —10 uF 25 pF —0.1 uF 
f/ inductance 2mH—100H 20 uH-—80 mH 











Knee-operated 


For further information concerning these and other instruments apply to: 


1AERUM, DENMARK - Teleph.: NARUM 500 - Cable: BRUKIA, COPENHAGEN 


SALES AND SERVICE: B & K Laboratories, 57 Union Street, LONDON S. E. |. 


FF 1e ee | 


MBVYWNIGD SHEN FI1IOUR' VOVWNIGD SHEA VISOVT WEVWNIGD BSHHXBV1II0ONG YYVWNIGQ BHCN BF W1I0OC SE YUVWNIE 


uyra vd i3s0N8 
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NAGARD OSCILLOSCOPES 
AND PULSE GENERATORS 


are chosen by those who need accuracy with versatility in 
their aids for the exacting research of today and tomorrow 


AIRCRAFT - AUTOMATION - BALLISTICS - 
COMPUTERS - HYDRAULICS - MEDICAL 
AND PHYSIOLOGICAL . SERVO WORK - 
TELECOMMS . TELEMETRY ' 
TRANSISTORS VIBRATION - ZETA 








From A to Z in up-to-date laboratories NAGARD is contributing 
to important advances in knowledge 


Used at Harwell for ZETA—DE103A C.R.O. with rise time of 


0.035 sec. Two equal and accurately comparable channels which 
do not interact 


MOST VERSATILE—DT103 C.R.O. for frequencies from D.( 
to 100 Kce/s unique in having two equal channels each with 
sensitivity of Icm/250zV and sweep times from 25 seconds to 
40 secs accurate within 2 per cent 


NEW MODEL J103 designed for accurate transducer work over 
frequency range D.C. to 1 Mc/s with sensitivity of lem,/Im\ 


FOUR CHANNEL C.R. DISPLAYS are available by using the 
UNITEL modular system of instruments in co-operative 
assemblies 

The high sensitivity characteristics of the NAGARD D.( 
AMPLIFIERS are available up to 2 Mc/s enabling the use of a 


wide variety of transducer equipment 





UNITE! 
© ° 9006 . 


*“e* eee eee 


SQUARE PULSE GENERATORS— Models £001 and 5002. An 
exceptionally wide range of 10,000,000 to | in variation of pulse 
width and delay is covered with an internal rate generator up to 
| Mc/s and accurate output potentials from 20mV to SOV 


=== 


A rise time of 10 myusec is consistently available over the lower 
voltage ranges. Model 5001 has a single pulse output— Model 


S002 produces two consecutive pulses 





PROCESS TIME CONTROLLERS — These are itlable in five 


ranges covering Il, 55 or 110 seconds and 5 or ) minutes, each 





range is divided into 100 steps and is calibrated within 2 per cent 
Stabilised against mains variations 
Accurate for the lat 


Versatile for many t 


| SQUARE PULSE GENERATORS 


;wrator | Di ror ] rhe control 
ee ee ee 
f > 
P o 
rogress 
Respor 











18 AVENUE ROAD - 
N y | GC A R BELMONT - SURREY 


eee ViGilant 9161-2. 


PROCESS TIME CONTROLLERS 
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Motropetitan caps gate, 
Piastics Limited : 


®t castL®” 


Glenville Grove Deptford London SE8 Telephone Tipeway 1172 Specialists in Thern 
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the BEST 
Glass Fibre Flat Sheet is 








Available in Polyester, Melamine, Epoxide or 
Phenolic resins, using fine or coarse weave 
cloth reinforcement as follows:- 


GRADE 83/AE Polvesier/Fine Weave GRADE 84/JE Fpoxide/Coarse Weave 


A general purpose fine weave glass cloth A coarse weave glass cloth epoxide resin 
polyester laminate suitable for electrical laminate, generally similar to Grade 84/AE 
and mechanical purposes. but for use in greater thicknesses. 


GRADE 83/JE Polyester CoarseWeave GRADE 81/AE Phenolic/Fine Weave 


A general purpose coarse weave glass cloth A fine weave glass cloth phenolic resin 
polyester laminate, generally similar to laminate with outstanding resistance to 
Grade 83/AE but for use in greater thick- chemicals and good electrical properties..: 


nesses. 
, ; GRADE 82/AH Melamine/Fine Weave 
GRADE 84/AE Epoxide/Fine Weave A fine weave glass cloth melamine resin 


A fine weave glass cloth epoxide resin laminate which is flame retardant, has 
laminate having improved electrical and good electrical properties and conforms to 
mechanical strength. Def 5000, spec. M.1. 

All grades can be punched in thicknesses of up to } in. Natural colour pigmented finishes are available. 


Maximum sheet siz OU in. x 34 in. for all thicknesses up to } 


i in, 
(Thicker sheets pressed by special arrangement) 


Typical applications include arc barriers, terminal strips, 
separators, panels, ducting, printed circuitry, pull links, 
washers and all kinds of punched and machined parts. 


¥ 


For fuller 


vee, PERMALI 


PERMAGLASS DIVISION - GLOUCESTER ~- Telephone Gloucester 24941 
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Big men in World Markets call Berco, Early! 


‘Met a man trom lam Landed share 
Swedes and a Swiss... and everything has t nterch; 
sbilitv is the ord ol the i S h Sh 
ability 1s the rae i tn day. 
Y a nite 7 . ee us at tne Oows 
thing, Call Berco. Howard £ 411, l alk resistors. rheo 
voltage-regulation to international standards. Find Berco have bee * Electrical Engineers Exhibition 


out front (as they say in America) with worldwide acceptan (A.S.E.E. Led.) 


wm years!” March 25th/29th Stand No. H.22 


* 


R E * M if Exhibit on 
April 14th/!7th Stand No. 75 


BERCO KNOW HOW 





* 


THE BRITISH ELECTRIC RESISTANCE CO.LTD 1.E.A. Exhibition 


n association with 
THE BRITISH POWER TRANSFORMER CO. LTD nore Syee ae 


Queensway, Enfield, Middlesex 


Telephone : Howard 2411 Telegrams : Vitrohm, Enfiel 
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verylody warts 


the World’s best magnetic tape! 


EMITAPE Ff] EMITAPE (] 


ploying time 


4 SPOOL SIZES 


to fit all standard magnetic tape recorders 
3° MESSAGE 5° JUNIOR 
5; CONTINENTAL 7’ STANDARD 





HIGHEST | 
TECHNICAL STANDARDS 


@ High sensitivity @ Low noise leve 





@ Low print-through factor 
@ Freedom from curl and stretch 


@ Anti-static @ Low head wea 


* KMICASE 


solves storage problems 
protects spools from dust 


allows easy identification of leader tapes 


| T 
TITLE SIZE! 





r — , ee 
| TYPE LENGTH | | EMITAPE IN | PRICE WITHOUT 
| __No. APPROX. | * EMICASE”’ “EMICASE” | 

88 6E *Junior”’ 5” dia 
| 99/9E 











’) 


| 600’ raat 3 oe * 
4 850’ fi. 10. €i. 
i. + - =a —_ —+—_—_——__—— = | - 
| 88/9E Continental 2” dia 4 
wWID IE e si d 
t rri 4 f | f | 
EMITAP Ete: | 98/12E ‘a 


| «99 BE 
f 
| 


850° | £1. 10. 
1200' | £1. 17 
: ae nod mate 

Pe 
1800’ | £2. a. 


ry LONG PLAY— 50° increased playing | time. 


o 


E.mM.t. SALES &€ SERVICE LTD (Recording Materials wea SAIS SFOS seeee 
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the 
Rivlin 
Range 
of 
Eight 

















FRESHSFOR | 
A RANGE 
COVERING EVERY 
REQUIREMENT 
PLUS 

SPECIAL TYPES 
TO YOUR 
PARTICULAR 
NEED 








The Rivlin range of eight precision wirewound resistors, 
from iw to 3w, now covers most normal requirements 
Additionally special types, higher ratings and American 


equivalents can be supplied to order. Skilled design 


and the highest standards of craftsmanship in production k / YV L / N— 
combine to give Rivlin their firm reputation for making TI ‘OHM f R. l; bili ; 


precision resistors that are without equal. Add to these 





the fact that the name Rivlin is a byword for personal 
service and quick delivery, and you have the reason for 
which Rivlin describe themselves and their products as 


‘the OHM of Reliability’ 


RIVLIN PRECISION WIREWOUND RESISTORS 





Peivern INSTRUMENTS LIMITED 


RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD, CAMBERLEY, SURREY ELECTRONIC ENGINEERS 


Telephone: CAMBERLEY 25078 


London Office: Tel. Swiss Cottage 3038 
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We produce 4 comprehensive range 
of high-quality Electronic Components. 
Consult our catalogue for your requirements. 
Our “By Return” Service will ensure 
immediate despatch of your orders. 





ENGLAND 





A 
Z 4.8 MAPLE STREET 


elephone 


LONDON * W.!° 


7232- 


R ADOSPE RES LONDON 


R ADOSPERE> WES! 


Pleas 
se mail your Catalogue each month: 


Nor f 
Name of Business 


Business Address 


{ee 
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Plastics can be moulded into the most intricate shapes, 
and ALDRIDGE make all types of thermo-setting and thermo- 
plastic mouldings for the Electrical, Automobile and many 
other Industries. ALDRIDGE manufacture to specification or, 
if required, design the whole job for you. So whether it’s 
a question of lightness and strength, insulation, close tolerances pay nn ct 


or any other factor—you should consult ALDRIDGE 














~ 
ALDRIDGE PLASTICS LTD. 
. REDHOUSE INDUSTRIAL ESTATE, ALDRIDGE, STARE S 
An AE mpany TELEPHONE: ALDRIDGE 5203! (4 LINES) 
SALES OFFICE: 155, CHARING CR § ROA LONDON, W.C.2 GERraerd4820 & 866 
A.1.D. APPROVED. CONTRACTORS TO H.M GOVERNMENT DEPARTMENTS 
L.G.B. 
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INTER-UNIT 
CONNECTORS 
WITH 4 TO 25 
CONTACTS 
















This popular range conforms to R.C.S. 321 and has Joint 









Service and A.R.B. approval. Pins are rated at three 






amperes, but each block has two larger pins rated at Io 


amperes. All pins are fully floating. Each coupling 







consists of a block of plugs and another of sockets, 











asranged so as to be non-reversible. Bodies 







are moisture and tracking-resistant, being 


moulded from a nylon-filled phenolic material. 






Pins are of high-grade brass, silver plated. 






Sockets are of hardened beryllium copper ; 








solder spills of both plugs and sockets 






are designed for ease of soldering. All plugs 






and sockets are numbered on both sides of the moulded 






body. The “‘ Belling-Lee”’ “ Unitor ” is ideal for chassis 


mounting, or for flexible leads, when it is fitted with one of 









the range of die-cast light alloy covers or plug retainers. 








PINS BODY SIZE 





LIST NO. 














L.653/P&S 1.437” x 0.406" ATING PIN 
WITH FLATS TO 


PREVENT ROTATION 











L.654/P&S 1.484" x 0.578” 





12 1.500” x 0.843” 





L.655/P&S 















is 2.000” x 0.843” 





L.656/P&S 





TS CLOSED 
AND SOCKET 
HARDENED 














L.1328/P&S 25 1.75” x 1.187” 
(4 large) 









Work ng v ts: SO0V Peak, pin to pin | 
U.K. Pat. 649739 

French Pat. 990017 

Swiss Pat. 277799 






















BELLING ¢ LEE LTD 


GREAT CAMBRIDGE ROAD, ENFIELD, MIDDX., ENGLAND 






Telephone: Enfield 3322 - Telegrams; Radiobel, Enfield 
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HEAT-STABLE, WATER-REPELLENT 





Dielectric materials 








SAFER ELECTRICAL TRANSFORMERS 


The fire risk associated with oil-filled transformers is eliminated with 
silicone-insulated dry-type transformers. Units up to 3MVA, I5kV are in 
production. 

Size and weight can also be cut, as can be seen here. The larger transformer 
on the right is oil-filled using conventional insulation. The one on the left 
(with the same rating) is silicone insulated and is 680 Ib. lighter. 


By courtesy of Marconi’s Wireless Telegraph Company Ltd. 


DIELECTRIC COMPOUND 


MS 4 compound is a non-melting, water-repellent paste which retains its 
grease-like consistency from —S0O°C to 200°C. It is highly resistant to 
oxidation and deterioration caused by corona discharge. Power factor is less 
than 0.001 up to 10 Mc/s; volume resistivity is more than 1017 ohm cm up 
to 200 C. Electric strength is more than 500 volts/mil at a 10 mil gap. 

USES : Potting and sealing compound for electronic components, disconnect- 
able plugs and sockets. Lubricant and protective agent for plastic and 
rubber cables, grommets and seals. Damping medium in gramophone 


pick-ups. 


SILICONE BASED CEMENTS 


These cements are ideal for coating wire-wound resistors and similar 
components. Coatings are easily applied and processed and will withstand 
operation up to 250°C. They show excellent resistance to moisture. 


LIQUID DIELECTRICS 


MS 200 fluids are dielectrics available in a range covering all degrees of 
viscosity. Their importance lies in their resistance to both heat and moisture. 
They are unique liquid dielectrics because their power factor is less than 
0.0001 over all frequencies from 1 ke/s to 10Mc's and all temperatures 
within the —35°C to 150°C range. 


USES : In capacitors, small transformers and other electronic devices. 


Technical Service 


We have had ten years’ experience in the development and application of 
silicones. This accumulated knowledge and our extensive technical service 


are readily available to you. 


MIDLAND SILICONES LTD 


Associated with ALBRIGHT & WILSON LTD. and DOW CORNING CORPORATION 
bed ‘ 
first in British Silicones 


ap 19 UPPER BROOK STREET + LONDON + WI «+ TELEPHONE: GROSVENOR 4551 


Tew/mst? 
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Design 
Permanent : 
Advisory 


Magnets 


Service 


Facilities for technical co-operation in the utilisation of magnet materials 


An increasing number! f n lesigners > taking 
advantage of the Mullard Design Advisory Service on perm- 
anent magnets. Through this service they can obtain specialist 
assistance on the selection, design and application of 
permanent magnets—assistance that will help them ensure 
optimum magnet performance in the finished equipment 
The service is available to all users of permanent magnets, so 
if you have a design problem just write or telephone the address 
below: a team of speci t engineers will be at your disposal 
To help with the many day-to-day problems that designe: 


encounter, the Mullard Design Advisory Service is preparing 


series of advertisements verin 1 wide ge of subject 
from Modern Magnetic Theory ) the application of Magnets 
for Nuclear Research. A new advertisement will be publishe See us at the 
R.E.C.M.F. 
Exhibition 
Stand 22 


reference en postcard and we will see Grosvenor House 
April | 4th—!I7th 





monthly and each will be readily identified by the syr 


T¢ 


shown above. If you v ld like Ollate reprints o he = 


lrecelve 











PERMANENT MAGNETS 
MAGNADUR CERAMIC MAGNETS 
ERROXCUBE MAGNETIC CORES 
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Trade Mark 


Type 1602-B 
U.H.F. Admittance Meter 


y 
ngineer concerned with impedance measurements from 


to 1500 Mc/s can afford to be without this unque Bridge 
| instrument it can be used to measure the conductance 
isceptance of an unknown impedance by direct reading of 


iles. By connecting the unknown impedance through a 
r me 1 an Ter ves 5 leneth. th ] 
line one or more odd quarter waves in length, the scales 

ectly in terms of resistance and reactance 


Bridge can also be used as a comparator to indicate the 

f inequality between two admittances. In addition, as a 

rect reading device it can be used to determine the magnitude 
reflection coefficient of a coaxial feeder, or the magnitude 

in unknown impedance, from the ratio of output voltages 
ad on the detector meter. Balanced impedances can also be 


measured with the aid of the ““G.R.”” Type 874-UB “Balun” 


Owing to the unique coaxial form of the bridge arms and the use 
t the matched coaxial connectors ““G.R.”” Type 874 throughout, 
uncertainties regarding reflections (and thereby errors) at 


e vital points of connection are completely eliminated 


wre are no sliding connections to Cause intermiuttencies since 


conductance, susceptance and multiplying arms merely 


ymtrol the rotation of small coupling loops within the coaxial BRIEF CHARACTERISTICS 
rms of the bridge. A further uwmque feature is the independence 

FREQUENCY RANGE: 41 to 1500 M« 
can be extended down to 10 Mc's by tl 


of 


with frequency of the susceptance readings 


i rrection factor, wit 
Additional apparatus required consists of a suitable range : A Chart is ne 
: uw , aiii Previa 
Oscillator or a Signal Generator, and a sensitive, well shielded 
CCURACY: For both conductance an 
nce >to 1000 Mc from 0 to 20 millim}t 


chess > . a ere ‘ ' ? millimho) from 
ese, suitable instruments are available from the complete 


3 Vi 0.2 millimhos) where M i 
GENERAL RADIO” range of measurement instruments, ale multiplying factor. Above 1000 Mc 


t ‘ 


receiver as the detector. If the user does not already possess 


20 to # millimhos 


ies . adele ncrease slightly, and, at 1500 Mc, the 

jescribed in their 258-page current Catalogue “‘O”’, available on , th ape ne he - 
’ nthe ¢ ression adove dDecome 

application ng impedances to 50 ohms, the ac 


» 1500 Mc 


DIMENSIONS 





NET WEIGHT: 8} It 


REASONABLY PRICED: / 
ie] red (U.K ynis m 


Claude Lyons Ltd. (€) Sing po 


76 OLDHALL STREET: LIVERPOOL 3+ LANCS +: TELEPHONE: CENTRAL 464! 
VALLEY WORKS: HODDESDON: HERTS: TELEPHONE: HODdesdon 3007-8-9 
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ELEC 











rFRONIC 


eo 


SOUND-LEVEL 
METERS 
Types 1400 & 1408 


NOW 
AVAILABLE ! 


A new series of leaflets 
featuring the application of 


DAWE 


ELECTRONIC 
INSTRUMENTS 


to the following industries — 


TEXTILE - OL - AUTOMOBILE 
AIRCRAFT - CHEMICAL - BUILDING 
POWER GENERATION - PRINTING 
COMMUNICATIONS - WORKSHOPS 

TRANSPORT - SHIPPING 
IRON & STEEL 


Write for your copy "ow 
stating the industry 
which you ore 


VISIGAUGE 
Type 1108 


ENGINEERING 





” STROBOSCOPES 








Types 1200, 1201, 1202, 1206 


THICKNESS 


GAUGES 
Types 1101, 1101/1, 1107 & 1108 


DYNAMIC 
BALANCING 
MACHINES 
Types 1250 

1251, 1252 

& 1253 


Full technical information of the entire 


range of Dawe Instruments forwarded on request 


VIBRATION DAWE INSTRUMENTS LTD 
INDICATOR 99 UXBRIDGE ROAD, EALING 


Type l414 


LONDON, W.5 : EALING 6215 
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GERMANIUM 
RECTIFIERS 


SSS 
—FEFCCCORrE--#COonN->-N-N-[7>5=-=>—0E0_=— 


e largely to advanced crystal perft 
chniques and to the generous us 
area junctions, The Englis! 
Valve Co. Ltd. are able to offer 
manium Power Rectifiers and Stack 
ugh ratings at §§ ¢ ambient 
Standard Stacks cater for 


single and _  three-pha 


iso designed on req 
t individual requirement 
Just a few of the possibilitx 
E.E.V. Germanium Rectifie¢ 


listed in the tabl 


Some Typical Stacked Assemblies 





MS 
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SOUND-LEVEL 
METERS _ aaa 
pee Se |) sTROBOSCOPES 

F Types 1200, 1201, 1202, 1206, 1207 A 1216 


NOW 
AVAILABLE ! 


A new series of leaflets 
featuring the application of 


THICKNESS 
GAUGES 
Types 1101, 1101/1, 1107 & 1108 


ELECTRONIC 
INSTRUMENTS 


to the following industries — 


TEXTILE OIL AUTOMOBILE 
AIRCRAFT CHEMICAL BUILDING 
POWER GENERATION PRINTING 
COMMUNICATIONS WORKSHOPS 

TRANSPORT SHIPPING ] DYNAMIC 
IRON & STEEL / BALANCING 
MACHINES 
Write for your copy now Types 1250 


stoting the industry i” y 1251, 1252 
which you are & 1253 




















——— 


Full technical information of the entire 


range of Dawe Instruments forwarded on request 


stitial DAWE INSTRUMENTS LTD 
VISIGAUGE INDICATOR 99 UXBRIDGE ROAD, EALING 
meee Fay — LONDON, W.5 ; EALING 6215 
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GERMANIUM 
RECTIFIERS 


to advanced crystal perfe 
1iques and to the generous u 
rea junctions, The Englis 
ve Co I td. are able to offer 
m Power Rectifiers and Stack 
ratings at §5°C ambier 
Standard Stacks cater for 


single and three-pha 


are also designed on requ 
t individual requirements 
Just a few of the possibilities of on 
E.E.V. Germanium Rectifier, the VA713 


e listed in the table below 


Some Typical Stacked Assemblies 





1.8.1 











“ENGLISH ELECTRIC’ 





Telephone: Chelmsford 3491 


PALA ARN: ELECTRIC VALVE CO. LTD. TE) Chelmsford, England 








4P/99 


MARCH 1958 2 ELECTRONIC ENGINEERING 





lags 
without 





Ten years ago— in collaboration with the Tucker Eyelet Company 

we designed this tag to overcome the frequent breakages experienced 
on normal self-eyeletting types, and evidence of its accepted excellence 
has been proved by its ever increasing use in the trade. 

By careful attention to details such as this, coupled with specialized 
production techniques, rigid quality control, a design service 

second to none, and— vital today — cost consciousness, we have 
established our reputation as leading transformer manufacturers 
to the Electrical, Radio and Television industries. Our technicai service 
is immediately at your call. Why not make use of it ? 


Take a close look at the quality of 


Hinchley 


TRANSFORMERS 


HINCHLEY ENGINEERING CO.LTD - DEVIZES - WILTSHIRE + Tel: DEVIZES 573/5 
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ltsa Biaazelvise SA.6I 


Servo-amplifier, but 
look at the price... 


£17 


IDEAL FOR EXPERIMENTAL WORK & TEACHING 
This new servo-amplifier is used as a standard sub- 
unit In Our automatic control systems and is now 
available separately from stock at the very low price of 

7.0.0. Suitable for most split-field d.c. servo-motors 
the amplifier has a gain of 2,000 mA per volt and 


uses components approved for operation up to 70 


Please write for full specification 


also look at the New 
Servomex Price List— 
price reductions beat 
price increases, 13-0 


Our new price list effective January 1st shows no price 
increases. On the other hand it includes 13 price reductions! 
This in spite of increasing costs of raw materials 

Increased demand and still further improved produ 


methods once again benefit all our customers 


Send for your copy 
Servomex Controls Limited - Crowborough Hill - Jarvis Brook - Sussex - Crowborough 1247 
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15 MILES of prints per year... |. 


net Se 
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~, » 
SS from one 
— — <> eee 
eS a 
—H— ‘ 
—~ ~~, 
meg Ea 
= i 
==s photo-copying 
hi 
‘ 175 miles of prints a year ts the output reported by one regular user of an 
Azoflex Model 46 35—and that’s the sort of output that any busy drawing office 
can expect. The AZOFLEX photo-printing process combines several unique 
features. It’s the on/y daylight reflex copying process. It’s the on/y process 
to apply a measured quantity of developer irrespective of running speed, 
thus ensuring optimum quality. It avoids the use of dangerous chemicals and 
there are no unpleasant fumes. Operation is quiet and free from 
vibration. Exposing, developing and print delivery are all synchronised 
to ensure an even flow of finished work at all speeds 
AZOFLEX MODEL 4635 combined synchronised printer and developer. 
Capacity : cut sheets and rolls up to 42 in. wide. Printing speed: up to 30 ft. 
per minute. Dimensions : Height 58 in. Depth 60 in. Width 72 in. Weight 1,100 Ib. 
Price £1,555 (including delivery and installation in the U.K.) 
_ 
f llford | Azoflex Dept. AZ11G 
104 High Holbor Londo W .¢ Telephone: HOLborn 340! 
» 








PHOTO-PRINTING VACHINES {VND ViATERIALS 
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Ea Winding Wires 


for every electrical purpose 


; 


The following publications are availabie on requesi 


Base Type Enamelled 


Winding Wires 


Covered Winding Wires & Strips Oi! 
“Bicalex” Winding Wires 
Teramel”™ Winding Wires 
‘Bicaloc™” Winding Wires 
S cone-Enamelled W 
i 


*Fifty-Three” Enamelled 
Winding Wires Bicelflux "" Winding 





Mts Tras A aka A ann 


dae 


BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21, Bloomsbury Street, London, 
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Ampex Data Recording 


equipment can be seen 


at the 


FOURTH 
INTERNATIONAL INSTRUMENT SHOW 
CAXTON HALL * LONDON 


MARCH 24th—29th 





FOR TICKETS APPLY TO: 








B & K LABORATORIES LTD., 
57 UNION STREET, LONDON, S.E. 
TEL: HOP 4567 
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EWE Hh, 


y 
Ws: asked our artist to draw your attention to the part we play in the 
manufacture of Subminiature VALVES. These tiny components have a vital 
part to play in the field of telecommunications, radio and electro-medical 
equipment and certainly are not mere lookers-on. 

The manufacture of these very small valves calls for the highest degree of 
precision working. Where does DELANCO come in? In the manufacture 
of the mica bridges—a vital part of the internal assembly. Limits are so close 
that only the very latest of techniques in tool design and the highest selected 
grade of ruby mica will pass the rigorous inspection to which these parts are 
subjected. But the Delanco Mica division makes not only these and the larger 
valve micas, but mica components for all sections of the radio. electronic and 
electrical industries. 

Just to satisfy yourself on our claims, ask us to send you a few samples taken 
from current production. 

We'll gladly send them on immediately and our Mica technical department 
will be pleased to assist you in any problems connected with MICA. 


Anglo-American Vulcanized Fibre Co. Ltd 


CAYTON WORKS BATH STREET LONDON E.C.1. CLE 3271 Grams: PROMPSERV’ AVE, LONDON 
DELANCO WORKS - LEONARD STREET - LONDON, E.C.2. 


VULCANIZED FIBRE LAMINATED BAKELITE N' Q 0 ; LEATHEROID MICA + COMPOSITE INSULATIONS 


PRESSBOARD - PRESSPAHN - CLOTHS, TAPES and SLEEVINGS Flectrical Insulation EBONITE PRESSED, TURNED and MACHINED COMPONENTS 
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Printed circuits made from BAKELITE Copper-Clad 
Laminated material are used in Pam TV sets 


Se2 us at the 
Electrical Engineers 
Exhibition 
Stand No. K 26 


DRAMATIC PRODUCTION IN VIEW— 
with BAKELITE Copper-Clad Laminated 


TRADE MARK 


Extensive use of printed circuits from BAKELITE 
Copper-Clad Laminated material has brought a 
greater efficiency into the production of television 
sets. The simplicity and accuracy of assembly, which 
are features of this technique, speed up output by as 
much as 300"’,,. All soldering is done in one operation, 
and with less likelihood of bad connections or wrong 
wiring, testing is minimised and the reliability of the 


finished instrument considerably increased. 


BAKELITE LIMITED 


Today printed circuits on BAKELITE Copper-Clad 
Laminated Materials, either rigid or flexible, are 
finding new applications throughout the Radio and 
Electronics industries. They allow more freedom and 
precision to the designer, reduce production time and 
costs for the manufacturer, and give the customer 
a lighter, more compact and reliable instrument. 

Write today for a copy of “ Copper-Clad BAKELITE 


Laminated for Printed Circuits’. 











Bakelite Limited manufacture an extensive range 
of plastics materials and maintain a_ technical 
service unequalled in the industry. No matter 
what your plastics problems, this service is at your 
disposal. SLOane 0898 is the telephone number. 








12-18 GROSVENOR GARDEN 
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The ideal Recorder for use with 
SMOKE DENSITY METERS 

CO2 INDICATORS 

pH METERS 


ISOTOPE THICKNESS GAUGES AND LEVEI 
INDICATORS 


TACHOMETERS ETC. 


The Fielden Servograph Electronic Recorder for 
accurate micro-amp recording 





Four Point 
The Servograph can be supplied witt 
Deflection for 50 micro-amps D.C. It car 
replace any moving coil meter in almost ar 
and is used by many of the major manufacturers of 
indicating instruments for providing a permaner 
record 
Difficulties normally associated with 
electrical recorders are eliminated by 
servo system and the motor operated pen me 
has ample power for operating electrica 
controllers which can be fitted 


ACCURACY— 
SPEED OF RESPONSI 





MINIMUM RANGES 











The photograph shows Fielden Smoke Density The creep test loader by Aero Research Ltd. incorpo Ilustratic shows a A [ nstallation and 
Servographs installed at St. Pancras Power Station rates the Fielden Servograph °o aplete | penek car od for any application 


ym > ae aaa = 


FIELDEN BLECTRONICS LTD - WYTHENSHAWE * MANCHESTER ~ Phone: Wythenshawe 3251 (4 lines) Telegrams: Humidity Manchester 
ALSO AUSTRALIA ‘ ITALY & U.S.A. Branch Offices: LONDON, BIRMINGHAM, STOCKTON-ON-TEES, CARDIFF and EDINBURGH 
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Printed circuits made from BAKELITE ( 


Laminated material are used in Pam 


ELECTRONIC 


opper- ‘lad 


TV sets 


Se2 us at the 
Electrical Engineers 
Exhibition 
Stand No. K 26 


DRAMATIC PRODUCTION IN VIEW— 
with BAKELITE Copper-Clad Laminated 


Extensive use of printed circuits from BAKELITE 
Copper-Clad Laminated material has brought a 
greater efficiency into the production of television 
sets. The simplicity and accuracy of assembly, which 
are features of this technique, speed up output by as 
much as 300". All soldering is done in one operation, 
and with less likelihood of bad connections or wrong 
wiring, testing is minimised and the reliability of the 


finished instrument considerably increased. 


BAKELITE LIMITED 
CO 


12-18 GROSVENOR GARDEN 
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— MARK 


Today printed circuits on BAKELITE Copper-Clad 
Laminated Materials, either rigid or flexible, are 
finding new applications throughout the Radio and 
Electronics industries. They allow more freedom and 
precision to the designer, reduce production time and 
costs for the manufacturer, and give the customer 
a lighter, more compact and reliable instrument. 

Write today for a copy of “ Copper-Clad BAKELITE 


Laminated for Printed Circuits’’. 





Bakelite Limited manufacture an extensive range 
of plastics 


service 


materials and maintain a _ technical 


unequalled in the industry. No matter 


what your plastics problems, this service is at your 





| 
| 


disposal. SLOane 0898 is the telephone number. | 
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The ideal Recorder for use with 
SMOKE DENSITY METERS 

CO2 INDICATORS 

pH METERS 


ISOTOPE THICKNESS GAUGES AND LEVEL 
INDICATORS 





TACHOMETERS ETC. 


The Fielden Servograph Electronic Recorder for 
accurate micro-amp recording 





The Servograph can be supplied with l cale 
Deflection for 50 micro-amps D.C It can directly 
replace any moving coil meter in almost ; 

and is used by many of the major manufac 
indicating instruments for prov 

recore 

Difficulties normally associated wit! 

electrical recorders are eliminated by the 

servo system and the motor operated pen mec! 

has ample power for operating electrica 

controllers which can be fitted 


ACCURACY— 1% 
SPEED OF RESPONSI Zero t 





MINIMUM RANGES 











The photograph shows Fielden Smoke Density The creep test loader by Aero Research Ltd rpo Illustration show 
Servographs installed at St. Pancras Power Station rates the Fielden Servograph omplete panels ¢ 


FIELDEN BLECTRONICS LTD ' WYTHENSHAWE ° MANCHGBSTER ° Phone: Wythenshawe 325! (4 lines) Telegrams: Humidity Manchester 
ALSO AUSTRALIA ‘ITALY & U.S.A. Branch Offices: LONDON, BIRMINGHAM, STOCKTON-ON-TEES, CARDIFF and EDINBURGH 
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INCREASE YOUR VALUE 


with 





TRADE MARK 


WELL 
TESTED 


WELL 


by offering icc 


full facility on TV and Radio WELL 


in the 50 - 220 Mc/s TRUSTED 


frequency range 


® Full technical details and specifications gladly sent on application. 


Cyldon products have an enviable reputation for long life and reliability. 
They save time in assembling and testing, and after-service work is reduced 
to a minimum. 

\ ‘e will be pleased to help you with your radio and electronic problems. 
Our comprehensive resources and specialised experience are at your disposal. 


\— ) '@ 2). s -) aa BIRD 


AN Sons LTP. 


Contractors to Ministry of Supply, Post Office, and other H.M. Government Depts. 


Address for enquiries and sales correspondence :— 
London Sales & Technical Liaison Office, 3 Palace Mansions, Palace Gardens, Enfield, Middiesex. 
Telephone : Enfield 8571-3 Telegrams : ‘* Capacity-Enfield *’ 
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Here's a complete range of insulating tapes 
with improved thermosetting adhesive — 


Scotch Boy’ electrical tapes 


GREATER ADHESION -:- LONGER SHELF LIFE 
RESISTANCE TO SOLVENTS 50% MORE TACK 


ae ee eee ee] HOLDING POWER... that’s the big difference between 
DON’T BELIEVE THESE CLAIMS WITHOUT PROOF : I pressure-sensitive insulating tapes with thermosetting adhesive 


Ask for a demonstration! Send this coupon to and tapes with the conventional adhesives. Improved 3m thermo 


Minnesota Mining & Manufacturing Co, Ltd, setting ad \ ives holding ver to 
: 7 eo i adhesive g 8s holding We 
3m House, Wigmore Street, London, W.1, S ' ® I 
tapes. It holds without softening under extreme operating heat 
bakes dry to prevent 


scoTcH BOY’ electrical 


has high bond strength for anchoring leads 

permanently resists the action of solvents, waxes 
only tapes with all these four advantages are 
SCOTCH BOY 


NAME throw-out 
appnaes and varnishes. The 
electrical tapes with 3m thermosetting adhesive 
electrical tapes with this unique adhesive are available in polyester 

E.1.1 film, acetate cloth, glass cloth, and paper 


ba es ae cash em encom aennenn atone cunsbanmn>enmas ono 


ScOTCH does the job BETTER! 


BOY 


PRODUCT OF MINNESOTA MINING & MANUFACTURING COMPANY LIMITED 
nd BIRMINGHAM +« MANCHESTER GLASGOW 


&D 3M HOUSE, WIGMORE ST., LONDON, W.1/, a 


poset WORLD'S LARGEST MANUFACTURERS OF COATED PRODUCTS 
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WAYNE KERR UNIVERSAL BRIDGE B.221 


WAYKE KERR UNIVERSAL BRIDGE B22) 


—+- 0-0 —+— 


- ~ “~~. ~ °* ~~ 
®- 0 @ a a) 
- 


= 


CONDUCTANCE > CAPACITANCE 


50 MICRO-OHMS TO 10,000 MEGOHMS .0002 PICOFARAD 
TO 100,000 MICROFARADS, 5 MILLIMICROHENRIES TO INFINITY 


- 7 i 
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Controlled Atmosphere 
Furnaces for special 
heat treatment requirements 


For over 30 years Royce have specialised in controlled 

atmosphere furnaces—continuous or batch type — using hydrogen, 
cracked ammonia, nitrogen, argon, endothermic or exothermic gas 
Royce service includes advice on and the supply of 

atmosphere generating plant. 


An example of Royce designs are the hump-back conveyor 
furnaces above. Perfect gas balance under continuous 
operation is obtained with atmosphere consumption 
reduced to a third of a straight conveyor furnace. 

No burning off at doors ts required. 


For further details write for Leaflet No. R.F. 


ROYCE ELECTRIC FURNACES LTD 


Designers and manufacturers of furnaces, ovens & kilns for all industries 


SIR RICHARD’S BRIDGE, WALTON-ON-THAMES, SURREY. Telephone: Walton-on-Thames 2577 8 
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Putting two and two together and making five ! At least, that’s how it appears when you 
consider the saving in time and cost by changing over to tapping screws. 
Without doubt, the tapping screw does display a number of very definite advantages over the 
conventional machine screw. It obviates the use of nuts. With its self-locating point, 
it forms its own thread and eliminates a separate and expensive tapping operation. 
It makes for easier assembly, is stronger, cheaper and faster. And when used in conjunction 
with the Phillips recessed head, designed for power driving without damage to either 
work or worker, it is obviously safer. Putting two and two 
together, the tapping screw simply ensures a better job. 
Why not change over to tapping screws and prove it for yourself? 


° 
Lanread tapping screws for economy and safety 


LINREAD LTD. COX ST. BIRMINGHAM 3 


SLOTTED AND PHILLIPS RECESSED HEAD MACHINE SCREWS AND TAPPING SCREWS ° HIGH TENSILE HEXAGON HEAD BOLTS AND SETSCREWS 
AIRCRAFT BOLTS, SCREWS AND RIVETS ° SEMS . RIVNUTS . CUSTOM DESIGNED COLD FORGED FASTENERS ALEX SCREWPLUGS. 
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for small size and 


dependability 











The new type BTH Germanium Point Contact Rectifiers — 


Only } in. long, yet their miniature size is | HIGH TEMPERATURE STABILITY 

combined with high performance and | agitiTy TO WITHSTAND TROPICAL CONDITIONS 
complete dependability! They offer the 

following outstanding characteristics : e SMALLER DIMENSIONS eo VERY LONG LIFE 


RATINGS : CONTINUOUS OPERATION AT 25°C. (77°F 








1 ee — 
PEAK INVERSE MAX. INPUT | MAX. RESISTANCE MIN. RESISTANCE | 
VOLTAGETt CURRENT at + | vole at 50 volts 
Vv | 


kilohms 


] 

| 

| 
=e : : 7" 


CV 448* 80 | 333 
CG4I-H 65 | 250 
CG42-H 100 | 500 
CG44-H 80 333 
CG50—-H 100 ; | 500 


ad ‘ —_—_—— ——_—_—_ — a - 
*Type CV 448 has been granted ‘ type approval tCorresponds to 1:2 mA inve 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON CO-:LTD-LINCOLN: ENGLAND 


an A,.E.1. Company 


—EE——ee 








A 5162 
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‘““MULTICON” PLUGS AND SOCKETS 


The full range consists of 2, 4, 6, 8, 10, 12, 18, 
24 and 33-pole sizes. Illustrated is the 24-pole size. 


Working voitage: 1,000 voits D.C. or A.C. (peak) or 
500 volts D.C. or A.C. (peak) in tropical use. 


Current rating: 5 amps. D.C. or A.C. (R.M.S.) per contact. 
Average contact resistance: below O'002 ohms. 










Metal fianges moulded into the body to 
ensure fiush mounting and to avoid 
alignment difficulties. 






Terminal numbering moulded into plug 
and socket bodies to facilitate wiring 
and cabieform testing. 















Single-piece nylon-filled body 
mouldings provide high insulation and 
tracking resistance. 




















Large pin locator contact facilitates 
engagement, especially in unitor appli- 
cations. 








Optional vibration-proof retaining 
biades to secure the unit to panei or 
chassis. 












/ as Four distance pips keep mating faces 
Y! apart and eliminate moisture traps 
* = between plug and socket faces. 









Socket clips have split !imbs with four 
Ly oe A areas in contact with each plug blade 
~ ensuring absolute reliability of contact. 








°) - - Earthing of plug or socket ‘covers is 
<i \}} ; ad achieved by either: 







internal connecting link from a contact 
to cover, OR 






rivetted earth tag to outside of cover 








British Patent 700999 


24 POLE PLUG 
AND SOCKET 






Write for full catalogue from 


Painton &Co. Ltd. 


KINGSTHORPE NORTHAMPTON 
Tel: 32354-5-6 Telegrams: ‘Ceil, Northampton’ 






oy 


eye 








PAINT 
My 
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\ | 
..and now the R.4 


-for piercing 


oe through Templates / 
WIEDEMANN 


Turret Punch Press 


Piercing through templates, this new Wiedemann model 
gives faster than ever piercing on longer runs. Templates 
are fully protected—the press cannot trip until the 
punch has fully entered the template opening. Rack or 
standard gauges are available if required. 


Punching Pressure ... ... 30,000 Ib. 

Throat depth 28” .... 1 HP. Motor 

16, 18 or 20 turret stations 

There’s a Wiedemann Turret Punch Press for every 
short and medium run piercing job. Hand or power 
15,000 to 160,000 Ib. punching pressure. 


tach alone A DOWDING & DOLL LTD 


Brochure. 346 KENSINGTON HIGH STREET, LONDON, W.14 


Telephone WESTERN 8077 (8 lines) Telegrams ACCURATOOL HAMMER LONDON 
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The 


TOUGHEST 


component 
test 








al 





will not change the characteristics of the 


GD 85 WR 


MINIATURE RUGGEDIZED REFERENCE TUBE 

















Specially constructed for military and commercial service 
where tubes are to be subjected to severe shock and 
thermal extremes, this new tube will continue to operate 
satisfactorily beyond the point which is customarily 
associated with conventional tube structures. 













BRIEF DATA 










85V Shock: 





Nom. stabilized voltage 5 g continuously 












Striking voltage (total darkness or light) 125V max. 20 g short durations 
} q Current range 500KA to 5-OmA 750 g impact 
Max. Incremental resistance <1000Q Temperature Range: -—60°cto +90°c 




















| For full information write to: Technical Services Dept. 


ERICSSON 


| 
TUBE DIVISION 


BEESTON, NOTTINGHAM 





San 


ERICSSON TELEPHONES LTD., HEAD OFFICE, 22 LINCOLN’S INN FIELDS, LONDON, W.C.2 





Originators and Sole Manufacturers of the Dekatron Cold-Cathode Scaling Tube. 





a. 
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HOW 
TIGHT 

IS 
AIRTIGHT? 


The first stage in the manufacture of transistors 

consists of growing a single crystal from a melt either in 

an inert gas or high vacuum. In the vacuum chambers of the 
crystal growing furnaces designed by Services Electronics 
Research Laboratories a leak rate of less than 10-6 litre 
millibars/sec has been achieved. These chambers were 
fabricated by James Booth from 1-in. thick ‘MGs’ plate 
using Argon-arc welding. Machining and finishing were 
carried out by S.E.R.L. themselves. 

If you have an application which requires the welding of boxes or 
other components tn light alloys, James Booth will be pleased to help. 


JAMES BOOTH & CO. LTD., 
ARGYLE STREET WORKS 
BIRMINGHAM + 7 


Extrusions, large forgings, plate, sheet, strip, tubes and wire 


in brass and copper, as well as light alloys. 
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A finished vacuum 
box ready for fitting to 


furnace control equipnient 


One of two types of vacuum 


box in position. 
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THE BRITISH MICRO SWITCH DESIGN 
AND MANUFACTURING SPECIALISTS 


BURGESS PRODUCTS CO. LTD., MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11. Tel: Low Fell 75322, Telex: 53-229 
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eign -SpppvovrEedl 
X-BAND 
NOISE TUBE 


Noise Power excluding image 
frequency contribution 15-25 db 


Operating Current.....................35 mA 
Overall Length 67%.” 


Base Diameter 











FERRANTI 





FERRANTI LTD.- FERRY ROAD: EDINBURGH 5 Tel. Granton 89181 


Visit our Stand No. M9 at the A.S.E.E. Exhibition, March 25th to 29th. £S/T38 
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WAN DLESIDE One of the largest suppliers to the 


RADIO, ELECTRONICS and 


TELEVISION INDUSTRIES 





THE MOST UP-TO-DATE PLANT 
IN GREAT BRITAIN 


All types of work undertaken 


Co-Axial Cables 
Prencables 
Radio Cables 
Connecting Wires 
Multicore Cables and 
Cables to Customers’ 
Special Requirements 


Photo by 


courtesy B.B.C. Approved manufacturers for A.I.D., A.R.B., M.0.S.,M.0.W. and the 
Admiralty and principal Supply Authorities throughout the World 


LET YOUR ENQUIRIES HAVE THE ATTENTION OF OUR TECHNICAL EXPERTS 


WANDLESIDE CABLE WORKS Ln. 


| 0 A G A R R A T T L A N i Telephone : BATtersea 2273 (5 lines) Telegrams ; “*Wandleside, London" 


L Office: 19/21 Fi Ss , London, W.! 
WANDSWORTH, LONDON, S.W.18 mgt ncaa ee ae ee 
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COMPACT 
TRANSISTOR TESTER 


With the L264, design engineers can check instantly 
the characteristics of transistors and establish their 


working parameters. 


* Current gain (A’) in grounded emitter connection 
* Collector current (1’c(0) ) with zero base current 


* Collector turnover voltage 





SPECIFICATION 
Current gain (A’) 
Ranges 0-100 accuracy + 7% 
200 
Collector Current (1’c(0) ) 

Range 0-25.A accuracy + 7% (collector voltage 
ranges nominally available 0-3V and 0-30V, 
reduced when using higher collector 
currents) 

Collector turnover voltage 
Range 0-85V 
Mains input 200-250V, 40 to 60c/s Consumption 
approximately |5W 





IMPORTANT 


NEWS for 


designers of transistorised equipment 





The L280 is the first mains operated power source 
developed specifically for use with transistors. 

It provides designers with the most convenient 
source of power for transistors yet developed 
* Transistorised —for long life 
* Mains operated — obviating battery troubles 


* Fully stabilised—against load and input fluctuations 


UNIQUE TRANSISTOR 
POWER SOURCE 


See us on Stand No. 501 at the /.E.A. 
Exhibition, Olympia, 16—25th April 
== 





SPECIFICATION 


D.C. output voltage 0-30V continuously variable 
Output current O-IA output voltage variation less 
than 40mV over complete range 
Regulation < 60mV for mains input fluctu- 
ations of 10V < 200mV for 
ambient temperature fluctuations 
20-50°C 
Response time | millisecond 
Output resistance < 0.052) at D.C 
< 0.2 all frequencies up to 
100k/cs 
Residual ripple !mV under worst conditions 
Isolation from earth 
and mains up to SOOV. d.c., up to 250V. ac 
Mains input 200-250V,40 to 60c/s. Consumption 
approximately 60W 


<7 Mullard Limited - Equipment Division - Mullard House - Torrington Place - London + W.C.1 + Tel: LANgham 6633 
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high voltage 





Generator 


A new range of Impulse Generating Equip- 
ment has been designed for voltages between 
roo and 750 Kv. 

It is complete with single sweep oscilloscope 
and measuring sphere gaps. 

All generators are built to customer’s speci- 
fication. The smaller models are built in 
London and shipped complete. The larger 


models are built on site by our own staff. 





A 350 Kv. Generator 
complete with capacity 
divider—The ball gaps 
are remotely controlled 


from the desk. 


The control desk, with 
charging unit incorpor- 
ated, complete with 
single sweep oscillo- 


scope and camera. 





& LONDON 91-93 PRINCEDALE ROAD, W.II. Phones: PARK 5073/45 
re MANCHESTER TENAX ROAD, TRAFFORD PARK. TRAFFORD 0700 


SPECIALIST MANUFACTURERS OF HIGH VOLTAGE GENERATING, INSULATION and MEASURING EQUIPMENT 
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ELECTRONIC 


Problems of size, weight, heat 
dissipation and power consump- 
tion disappear when computers 
utilise transistors. The _ illustra- 
tion shows part of a computer 
digit card carrying over 60 surface 
barrier transistors in an area of 
6” x 5". The power consumption of 
the 1240 surface barrier transistors 
used in the whole computer amounts 
to only 5} watts supplied from a 
3 volt battery. The high-frequency 
surface barrier transistors to be manu- 
factured by Semiconductors Limited 
are the most advanced types in the field. 
The electro-chemical techniques used 
in manufacture allow close control of 
important parameters, and guarantee 
a life far exceeding that of thermionic 
valves. Resistance to shock and 
vibration is exceptional. 


TRANSISTORS TO 


SAMPLES AVAILABLE NOW 


Prior to full production, transistors 
identical with those to be manu- 
factured are being imported from 
the U.S.A. Sample quantities 
are available now for Sterling. 


qe —T™ 
: | é 4d f 
x f4i 445 / 


4 


Semiconductors 
SURFACE BARRIER TRANSISTORS 


Types SB101, SB102 and SB103 are germanium surface barrier 
transistors intended for general purpose high frequency 
applications for use as RF, IF and video amplifiers, converters, 
oscillators and in switching circuits. 

Type 2N240 is a surface barrier transistor designed specifically 
for high speed switching applications. Controlled saturation 
characteristics guarantee ideal performance in directly-coupled 
circuits, and combined with excellent high frequency response, 
allow this type of transistor to switch at rates as high as 20 Mc/s 

Application notes covering the use of the 2N240 in high 
speed directly-coupled circuits are available on request. 


SOLVE COMPUTER PROBLEMS 


Engineers and Senior Executives are invited to write for details 
of technical literature on Surface Barrier and all other types of 
Semiconductors Limited transistors. 


COLLECTOR CHARACTERISTICS IN THE SATURATION REGION 
2N240 TRANSISTOR 


— 100QuA 


— SOQuA 


(—)Vc (VOLTS) 


Semiconductors limited 
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ILFORD - ESSEX 
Telegrams: SEMICON ILFORD 


VICARAGE LANE 
Telephone: ILFORD 3040 
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POLAR 


Terminal Strips and 
Stand -off Insulators 

















MARCH 


In accordance with 


R.C'S.C. Specification 
RCS. 334 


Invaluable for all forms of assembly, these high efficiency 
inexpensive Terminal Strips and Stand-off Insulators are 
available in a wide range of sizes. 

The Stand-off Insulators are mounted by means of 6BA 
Screwed Stems supplied with nuts and washers. 


Connections may take the form of tags, spills or screwed 
stems. 


Terminal Strips, in various lengths, are formed from 
Cadmium-plated steel with pillars of sintered 


aluminium oxide, and are available in two types with 


either {” or #” spacing between terminals. Insulation 
resistance better than 10,000 megohms. 





WINGROVE & ROGERS LTD. 


HEAD OFFICE: Domville Road, Old Swan, Liverpool, 13. 
Phone : Stoneycroft 2265 


Grams & Cables : Components Liverpool 
LONDON OFFICE : Broadway Court, London, S.W.!. 
1958 


Phone: ABBey 2272 
ware 
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Miniature 


high speed 
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/ \ 
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Millisecond wave (1000~tork ) 


of the operating-lag of the break contact 


This small relay has earned for itself a world-wide 
reputation on account of its very rapid 

operation, great reliability and insensitivity to 
external mechanical and electrical disturbances. It was 
originally designed to meet very severe 

conditions called for by the Services; it is now in 

use in vast numbers for all manner 


of applications and varying conditions. 


Inexpensive and available for early delivery. 


Can be supplied with plug-in base if required to form 


a readily interchangeable plug-in unit. 


Hermetically sealed, unaffected by dirt or 
P immersion in water and immune to wide or rapid 
We shall be pleased to give full details if you telephone 
(Woolwich 2020, Extension 621) or write to: changes of temperature or air pressure. 


SIEMENS EDISON SWAN LTD AJ. Company 


WOOLWICH LONDON SEI8 
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design and manufacture of 


Led by a forward thinking design 
team and supported by first-class 
manufacturing facilities, Westool 
produce the finest coils and coil- 


based components available today. 


Every single component is scienti- 
fically treated at each stage of manu- 
facture and can be relied on for 
accuracy and reliability. You can be 
confident that a Westool product will 
do all that is required of it for a long 


time to come. 


Westool have a free advisory service 
which is always at your disposal. 
Make use of this or, if you require 
details of standard equipment, com- 


plete and return the reply-paid card 


WESTOOL 


offer you something extra in the 





A.C. & D.C. SOLENOIDS 
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WARNER 
ELECTRIC BRAKES & CLUTCHES 





TRANSFORMERS & CHOKES 




















Postage 
will be 
paid by the 
Addressee. 








COILS ' 
& COIL WINDING MACHINES 











BUSINESS REPLY CARD 
Licence No. B.H.K. 15 








WESTOOL LTD., 


ST. HELEN’S AUCKLAND, 
BISHOP AUCKLAND, 
Co. DURHAM. 










No Postage 
Stamp 
necessary if 
posted in 
Gt. Britain 
or Northern 
Ireland. 
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A.C. & D.C. SOLENOIDS 






Already in use on a multiplicity of applications, 
Westool Solenoids offer designers in many industries 
a convenient and uncomplicated means of mechanical 
actuation and control. Being electrically operated and 
self-contained, these units can be fitted almost any- 
where to provide a prime mover right where it ts 
needed. Westool Solenoids are design approved by 
The Ministry of Supply 


ponT BE 
PREHISTORIC — 
fost his cara 
or details of 
ese WESTOOL 
broducfs — 
the most 


sochnically/ 







































WARNER ELECTRIC BRAKES & CLUTCHES 





These electro-magnetically actuated friction couplings 
are the most modern method of controlling machine 
drives. They give fully automatic and instantaneous 
stops and starts, which although measured in milli- 
seconds, are velvet smooth and completely shockless 
From “inching” to “full speed”, either forward or 
reverse, their speed can be varied at will. Warner 
Electric Brakes and Clutches enable machines to operate 
faster, with greater precision and efficiency, and they 
reduce operator fatigue. Existing machinery can often 
be fitted with Warner equipment without difficulty 








TRANSFORMERS & CHOKES 





There are three main reasons why Westool are pre- 
eminent in the manufacture of transformers and 
chokes. Firstly, a wide experience of the innumerable 
applications of their products. Secondly, a series of 
Stringent tests which each item must pass before 
release. And lastly, their ability to design transformers 
and chokes for any application. Westool transformers 
range from the smallest possible up to 2,000 VA. for 
SEALED CAN TRANSFORMERS and 5 kVA 
single-phase—1I8 kVA three-phase. 


COILS & COIL WINDING MACHINES 





Every year Westool produce over a million of the most 
reliable coils made in this country. From coils smaller 
than a threepenny bit to coils containing 5 cwts. of 
wire, each one is tested several times during production 
to ensure perfect accuracy 


The coil winding machines sold by Westool are iden- 
tical to the machines they make to produce their own 
superb coils. They include single and multi-coil 
machines, dual purpose machines and models with 
push-button control. 





A.C. & D.C. Solenoids 











Warner Brakes & Clutches For technical literature, place a tick against 


those products in which you are interested 


Transformers & Chokes Complete name and address details below and 


: swos5 


: post—no stamp is needed 
Coils 


Coil Winding Machines 
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The logical advance in Mute! 
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= Vij This fluid seal involved 
—_—_—_— Yy a internal threading of 
Te 


AT sealed with an expe 








sive cap-nut. The 
— assembly was laborious 
and spanner we 


needed 















































WOE THE SALTER WAY 


The tube is recessed 
and then simply 
grooved with the 








CIRCLIP SALTER Grooving Too 
3 FITTED IN A Circlip is snapped 
a nto position and 
GROOVE secures the fluid retain 


ng plate with positive 
vibration-free locking 
When necessary the 


y Circlip can be removed 
E quickly and easily 





























save material-reduce assembly time 








When it’s a question of assembling components machining operations. A large standard range } 

any engineering field, Salter Retainers are the at your immediate disposal, and we should 
nswer. They replace nuts and bolts, screws, welcome the opportunity to assist in developing 
cotter pins, and eliminate expensive threading and special retainers to solve your problems 





NEATER — MORE POSITIVE — PERMANENT RETAINING 
Send for the Salter Retaine 


caialogue — no designer i 
4 mnplete A] ithout f eee - 
; RUARC 
Raps: Vets Hoss 


Circlips Fasteners Retainers [= Fixes 


Geo. Salter & Co. Ltd., West Bromwich - Spring Specialists since 1760 














Mow 448 
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SBUPI 
5” Diameter Tube 


High quality p.d.a. tube with 


screen and side plate connections 


A wide ! 


this tube for 


inge of operating voltages suit 


itions 


i variety of appl . 










5SBVPI 

5” Diameter Tube 
\ nized tube with 
1e same feature 

he SBUPI. Higher 


itaxes 


4EP | 


ibe. High sen 





3AFPI 
22” Diameter Tube 


4 

I \ ge Pose 
A drive of si) 
y vill 

il 

al 

47 
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vr 


4” Diameter Tube = /ETE / 
High quality general purpose : 









SBKPI 
5” Diameter Tube 


Precision tube with a 
two-stage distributed post 
deflection. accelerator 
Low input capacitances 
and high sensitivity con 
SBKPI 


specially Suited 


to make the 


for wide-bandwidth 


oscillography 








ETEL range of 


bine 


(LANA 


instrument tubes 


“i 


serves industry and research 





TUBES 





all LH ULLUULANUULUUH 





= For Transistorized 
Instruments 
Spec I esign 


transistorized inst 
this 2 | ete %« 
low ) 

i W N 
sens 

deflection voltage 
derived 


transistor amplifiers 


1” Diameter Tube 
Alternative screens are 


CATHODE RAY 





Small, inexpe 
sor tube. The available for all tubes 
operating voltage is so low 
€ SEE US ON STAND NO. 39 
e ect AT THE PHYSICAL SOCIETY 
x g H.T. lines is EXHIBITION 





24th — 27th MARCH 


Ih 





ELECTRONIC TUBES LIMITED 


KINGSMEAD WORKS HIGH WYCOMBE BUCKS TELEPHONE 


HIGH WYCOMBE 202 
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MI® A industrial laminates 


paper. fabric. and glass-based laminates 
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Copper-clad. Engraving and Printed material 
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The D. 1250 OSCILLATOR POWER 
AMPLIFIER from GOODMANS range 
of Vibration Equipment is designed speci- 
fically to drive the 8/600 series of Vibration 
The D 1250 comprises a high 
juality Oscillator and Power Amplifier 
delivering a rated 1.25 kW at unity power 


















CGsenerators 


factor over a 300:1 frequency range ; 
useful power is obtainable over a range 
of 800:1. The use of feedback techniques 
nsures constant output voltage at low 
distortion delivered by this fully 
comprehensive equipment. 


4 


2 Bur 


MODEL D 1250 


125kW 
10c/s to 
3,000c's 


Power Output : 
Frequency range for full output 
Output npedance switch 
selected at 


15, 27, 42 or 60 ohms 












































Distortion at | kW and 700c's less than 2 
Mains Supply , Single phase at 
100/125 or 200/250V. 50/60 c's. a.c. 
a ~ 
f 
4 f 
ENQUIRY FORM™M 
~ 4 TO GOODMANS INDUSTRIES, LIMITED 
J AXIOM WORKS - LANCELOT RD. * WEMBLEY - MID 
< va 
™ We are interested in the foliow 
MODEL 
8 600 ee , 
General Catalo 
VIBRATION GENERATOR — Cn es 
Peak thrust p to 250 Ib ~~ Equipment to vibrate load of Ib 
Freque y range — at g( c’s 
Suitable driving e er 
ER : 
YOU ARE INVITED [7% — 
TO VisiT US ON ‘} 
STAND 220 PS A vibration system for the duty of | 
= EXHIBITION Name 
Compan 
' . ‘ 
rece les). 0.6. if} hon wiped ae P 
AXIOM WORKS * WEMBLEY - MIDDX - ENGLAND ease 2 ' 
GOODMANS INDUSTR ES LIMITED Talent etic e ia 2 lin : = E20 
ELECTRONIC ENGINEERING 60 MARCH 1958 


























FVERSHED 


















WATCHING BRIEF 


FOR ONE MONTH 


MARCH 25’ 29° 1958 


maintained by the EVERSHED Miniature — SENSITIVITY 


Minimum 50 micro-amperes 
F.S.D 
Recorder. Suitable for either flush or surface ..cuapprion 
Ol V.A 
mounting (see illustration) or used as a portable Movemenr RANGES 
Max. self-contained ranges 500 \ 


. and 10 Amps 
instrument, this small sturdy recorder is of the 7 F 
. CHART WIDTH 


2 ins 
tapping type, and has a speed of response Of Quart spgeps 
Variable 
0.8 secs. F.S.D. DRIVE 
Self-starting synchronous motors 
available for all standard voltages 
and frequencies 
SIZE 
4%” x 6} 88 






. . . For further details write for 
Publication EO. 306 


EVERSHED 
. MINIATURE 
4 RECORDER 





EVERSHED SERVES INDUSTRY 





EVERSHED & VIGNOLES LIMITED . INSTRUMENTS DIVISION 
ACTON LANE WORKS, CHISWICK, LONDON, W.4. + Telephone: Chiswick 3670 + Telegrams & Cables: Me r, London, Telex 
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presents for your delectation and pleasure 


A GRAND VARIETY OF NEW INSTRUMENTS 


at The Physical Society’s Exhibition, Stand 98 
and the I1.E.A. Exhibition, Olympia, Stand 314 


which aforesaid instruments can be recommended 
with confidence to your notice and patronage 





titan 








The fully TRANSISTORIZED, low consumption, portable 
MICROSECOND CHRONOMETER 
the like of which has not been seen on any stand before 
SOSSSSSHSSSSSSSSSSSSSSHSSSSHSSSSSSSSHOSSOPOSOS HOSS OHSOOSSOSOSOHOSOOSESOOOOOOOOSD 


by popular request — all the way from lower Sydenham 


THE UNIVERSAL COUNTER TIMER 


a fully transistorized item for such magical effects 
as counting, timing and frequency determination 


First time here 


PRINTED CIRCUIT COUNTER UNITS 


delight the heart of old and young collectors alike 


ee eo ee 6 ee 0 oe 6 ee 6 6 6 6 8 ee 6 eo ee ee FO OO FO eS Oe Oo OF es le 6S sO Oe OR SOS es es Os Ot Se te Oe 


the wonder of the age 


DELAYED PULSE AM) SWEEP GEXERATOR 


a marvellous performance to titillate the appetite of followers of this pulsating art 


ee i i i i i i hi hi i i i he i i i i i i i i i hi i i i a ha a hh hi ha ha ha ha ha ha he he a hh hh he he he he ee he ee ee 


DO NOT MISS this company of your very own favourites on 
their only European appearance this year at every performance 
of which they will be assisted by an amazing supporting cast 


Few tickets left. HITHER GREEN 4600 (Mr. Graham Bell’s new invention) 








ee —————————————— eee 
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every day 
another 
design 
engineer 
solves 
another 
problem 
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Marconi Camera Channels 


IMAGE ORTHICON CAMERA Type BD808 (illustrated) 
Features 


® Uses either 3” or 44” Image Orthicons 
® Designed for ease of servicing, excellent accessibility 
ind plug-in sub-units 
Four position turret will carry any combination from 
2-inch to 40-inch lenses. 80-inch and zoom lenses may 
also be used 
Viewfinder can be ulted up or down to give the most 
comfortable viewing position 
Camera Control Unit may be used with Io 
tube and 3° waveform tube, or with 14 
waveform tube 


picture 
picture tube 
and § 
Remote control of light intensity by variable graded 
filter 

Optional remote control of focus and turret. Optional 
semi-automatic alignment circuit 

Built-in turret for neutral density and colour filters 
Full range of accessories available for both studio and 


tside broadcast roles 


BROADCAST VIDICON CAMERA Type BD864 


The most recent addition to the 
Television Equipment. 


Marconi 


range ol 


Features 


® Compact, easily operated by one man. The camera has 
integral viewfinder with 7” tube and 2” waveform 
monitor and includes all operational controls. 
Channel consists of Camera and Power Supply only 
but optional Remote C.C.U. and Monitor position 
available 
Use of close-tolerance double-triodes in all valve 
circults except one and printed wiring assemblies 
ensures great reliability. 
Rapid semi-automatic beam alignment, built-in 
aperture correction and gamma correction circuits 
are provided. Designed to make the best use of any of 
the present Vidicon tubes and with ample flexibility 
to deal with foreseeable developments. 
4-position turret with positive location takes wide range 
of fixed and zoom lenses. 


MARCONI 


COMPLETE SOUND BROADCASTING AND TELEVISION SYSTEMS 


~CONIT’S WIRELESS TELEGRAPH COMPANY LIMITED, CHELMSFORD, ESSEX, ENGLAND 








Ee a ORY an 












there’s a case for QWALCE 


The use of electronic control in Britain’s Steel Industry has brought its 
reward in increased output. But it has also brought its own problem 
For this vital control equipment must be protected from the a.c 
voltage fluctuations caused by the switching-in and operation of 
heavily motorised machines, otherwise its effective life will be seriously 
impaired. Moreover, a voltage drop to a servo mechanism could cause 
chaos on the production line itself. The safeguarding of control gear 
and processes against supply voltage variations is one of the function 
of the ““Advance”’ Constant Voltage Transformer. 

















— ‘**Advance’’ Constant Voltage Transformers provide a.c. voltage Vv 
stabilisation of l for input variations of up to 15 at T 
AOS + 7™ maximum load. For Power requirements from 4 to 6,000 watts, they 
<4 
ae re automatic and contain no moving parts. CONSTANT VOLTAGE TRANSFORMERS 


ExHI'tBITION 


a LYMPLA oo 


6th 


yy ADVANCE COMPONENTS LIMITED, 


K ROA AINA R ESSEX : HA 4444 
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GIVES 


SURFACE 
PERFECTION 


bhegity4 


DIAMOND COMPOUND 























HYPREZ is the most up-to-date method for 
economic fine-grinding, lapping and polishing, 
of steel, stainless steel, cast iron, non-ferrous 


‘ Some typical applications 


metals, chrome-plate, stellite, tungsten-carbide, 
boron-carbide, sapphire, quartz, ceramics, etc. 


It has been developed to impart the very finest degree of 
surface finish to a variety of materials and is currently 
employed in the finishing of metallurgical specimens, 
plastic moulds, tungsten-carbide dies (i.e. drawing, 
extrusion, forming and cold-heading dies), cutting tools, 
die casting cavities, instrument bearings and pivots, 
etc. The hardness of the diamond particles makes it suitable 
for use on the hardest of metals, for fine grinding, lapping 
and polishing. 





METALLURGICAL SPECIMENS 





EXTRUSION DIES 








PLASTIC MOULDS 





GABRIEL’S HILL - MAIDSTONE - KENT 


Telephone: MAIDSTONE 55185/6 Telegrams & Cables: ENGIS, MAIDSTONE 
EXPORT OFFICE: 25, VICTORIA STREET, LONDON, S.W.1. Telephone: ABBey 2487-8-9 
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NEW... 
COMPACT... 


series 320 





relay 


This relay is of compact design and extremely small 
for the dut t performs, the contact arrangement ts 

three pole double throw and connections to contact and coil 

are conveniently brought out at one end of the relay 

Contacts and terminations are housed in a high grade Bakelite mould 

ing and the design of the moulding gives increased creepage path and excellent 


insulation. Guards are fitted to avoid flashover between contact 
volts A.C Series 325 Rela The only difference is that this j 


Maximum Working Voltage 440 
a D.C. Relay and the maximum working voltage 


50 cycles 


V.A. Rating: 5 V.A is 250 volts DC 
Contacts rated up to 10 amperes at 250 volts Wattage: 2 watt 
C ontact ited up to 10 amperes at 250 t 


A.C. or 30 volts D.C 
() olt 1 ¢ 


GNE 
ow "Yo 








AND ARB aPproveo A “H” ED . 


oe A 
70 cS MAGNETIC DEVICES LIMITED, EXNING ROAD, NEWMARKET, SUFFOLK 
Es \ 31R21/9/2 r , t le. rhe 
81/2 Grams: Magnetic Newmarket 


; 


Telephone: Newmarket 
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Os Ral rare 
2 sos At 


Bronze Copper ¢ Atgminium— 


1H ROLLET & Coled. Hi 


Magneséum Brass Duralumin— 


LONDON \°, 
BIRMINGHAM \ > =e 
Ae LIVERPOOL Ij. 
<\ MANCHESTER 


<n its 


4. v- 

















Ge) [WESTINGHOUSE]|@) 


MINIATURE 


REGTIFIERS 
re 


Write for details to :- 


DEPT. E.E3, WESTINGHOUSE BRAKE & SIGNAL CO. LTD., 
82 York Way, Kings Cross, London, N.!}. 












































A SERVICE 
FOR DESIGNERS 


The possibility of a component change—due to shortage of 
supplies, increased costs or failure to meet specific conditions 
—is a problem facing every designer of electronic equipment. 
However, one basic component can be ‘tailor-made’ from the 
start, for LAB will supply the precise type of Resistor required, 
ex stock and at the right price. Write for full technical data, 


prototype samples and price schedules to :— 


THE RADIO RESISTOR CO. LTD., 


50, ABBEY GARDENS, LONDON, N.W.8 


OHMIC TOLERANCES 
RANGE 


10M 


Rods & Discs) 


WIREWOUND 
4. Rheostats 
9. Sliders 
8. Vitreous 3 
7. Cemented I—I5 


*The ubiquitous blue (1°,) grey (2°,) “ HISTABS 


Do you KNOW 








s probably the K 
,<4,™ 
“Leg 


, > ys 
an instrument quality HISTAB to ) s available TEAR o; essisten spec* 
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Tn 7 
QA 
NY read books jon his 
40kV ELECTROSTATIC VOLTMETER \\ 
 baac; | 
Cat. No. 11314 Be | | 
Diodes vendinn eww ON de CuK This awesome 
or 40 kV r.m.s. a.c. regardless of \ | 
Seve & sonia teaiatet ane 
A bright | gh ate poco ted | / depravity | 
on to the scale, which is 15 cm 


io es ij | 
om 4V battery or 200-250V | \ Gave us the Theory of 


GR AVI, 





\ 





D.C. AMPLIFIER AND MICROVOLTMETER 


“ . Cat. No. 11343 11353 
THERMOCOUPLE mw SS ee 
TEST SET 7 TN p stable of 

Cat. No. 7556 


A potentiometer, wheat- 
stone bridge, galvanometer 
and potential source with 
series resistance all forming 


one compact, portable unit 

















> 


( INSTRUMENTS 


4 





w.G. PYE & CO. LTD. 


SRANTA WORKS, NEWMARKET ROAD. CAMBRIDGI 


Pye ( 
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QUARTZ 
CRYSTALS 


From 
200 cycles/sec. 





to 


For long term stability and 


unfailing activity, G.E.C. Quartz | "ead 90 Mc /$sec. 


Crystal Units provide the basis 
for reliable communications 


systems. 


A complete range of units to meet 


D.E.F. 5271 and 














R.C.L. 271 Inter-Services styles 


can be supplied. 


SALFORD ELECTRICAL INSTRUMENTS LIMITED 
TIMES MILI HEYWOOD LANCASHIRE Tel Heywood 6868 

London Sal = |: Temple Bar 4669 ; 
A SUBSIDIARY) bi rH ~ENER Wa FY oO. Lip OF ENGLAND 
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Brayhead 


win again! 


NKR AYE ae x’ Pa 
a ease: a a 


ee ee 


.... With the BT.16 Television Turret Tuner 


Brayhead retain their lead in television tuners with the outstanding 
BT.16 TURRET TUNER. Here is exclusive design . . . lower 
noise . . . greater gain... much reduced size... all for a 
REDUCED PRICE! Yes, in order to help manufacturers main- 
tain their position in competitive world markets, Brayhead have 
produced the finest turret tuner, available at an even lower price. 
Not forgetting, of course, the high Brayhead standards of work- 
manship and unsurpassed quality of materials. Write today for full 
technical specification and prices. The Brayhead BT. 16 TURRET 
TUNER has ALL the answers for YOU. 


BRAYHEAD 


(ASCOT) LTD 


FULL VIEW WORKS, KENNEL RIDE, ASCOT, BERKS. 
Telephone : Winkfield Row 427 8 9, or Ascot 1907 8 & 437 Telegrams : Brayhead, Ascot 








B.37 


We look forward to seeing you at the R.E.C.M.F. EXHIBITION, April 14th-17th, STANDS 170 171, Park Lane House. 
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The ba 
ratrons are enhanced in the Mullard 
XR1I-6400A and XRI-12 by a new 
type of construction which provides 


< advantages of Xenon thy- 


improved electrical and mechanical 
performance. 

The XRI-12 will continuously 
control currents of up to I2 amps, 
while the maximum capacity of the 
XR1-6400A is 6.4 amps. These two 
valves are rugged and their long life 
is backed by a year’s guarantee. 





New Disc-Seal 
construction gives 
these positive 


advantages 


* High hold-off voltage 
* Freedom from are-back 
* Ruggedness 

* Long life 

* A year’s guarantee 


Their heating-up time is only one 
minute and they will operate effi- 
ciently over a wide range of ambient 
temperatures. 

Both types can be employed with 
confidence in a variety of power 
control applications including direct 
welding control, lighting control, 
motor control, electronic switches 
and regulated power supplies. 
Write to the address below for 
full data. 























Type N American | Ve] af | Y8(PK) | P-EV. J ik (PR) ] ik) Heating-up 
pe oO. Ty mn i (V) ( A) max. max. max. max. time (sees) 
P (kV) (kV) (A) (A) 
XR1L-6400A 6807 25 2] 1.5 1.5 ) 6.4 60 
XRI-12 5855 2.5 | 34 1.5 150 12.9 ov 




















Mullard Limited 


Mullard House: Torrington Place-London W.C.| Tel. LANgham 6633  [Mailard 
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6 and 12 amp 
r raN * 
Lenon Triode 


Th vratrons 


XRI-6400A 





COMMUNICATIONS AND 
INDUSTRIAL VALVE DEPARTMENT 





WMVT 333 
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— voas Seems OS SET te 


RBRdavahnhce 
im 
miniature 


Plessey are not just marching in step with the present day tre 
of increased miniaturisation, but are keeping quite a few pace 
ahead wit advanced tecl niques and products that c tribut 


to more compact and increasingly efficient electronic a 


associated equipmel t 


The Plessey range of sub-miniature Co-axial Plugs and Sockets 
are excelient examples of the ¢ ompany’s developm ‘ni 


manufacturing ability, being eminently suitable for us 


transistorised electronic equipment, mobile transmitter 


They are specifically designed for matched impedance coupli 


of H.F. co-axial cables 
Operating Frequencies up to 29,000 megacycles per sec. 
Temperature Range; —55°C to 75°C 
Working Voltage: 600 volts R.M.S 


| SO, 70 and 93 ohm lines can be accommodated 


on 


be 


>) 
oO 


<a 





Design engineers Wilh problems \ 


in miunlature are invited lo appl\ fol ~ 


samples and further details which will =~ 
gladly he sent in re sponse to requests. ~ we 


AIRCRAFT & ALTOMOTIVE GROUP » WIRING & CONNECTOR DIVISION 


THE PLESSEY COMPANY LIMITED’ CHENEY MANOR’ SWINDON: WILTS 





"LESSEY STERNAT MITED ILFORI ESSEX tt 
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HERE and 







HAVE THE RANGE... 


Silicon Transistors 


Small Signal 

This range of general purpose transistors is used for high gain, 
low level applications. Special features are negligible leakage 
current, a minimum alpha cut-off frequency up to 20 Me/s, and ; 
tetrode series providing 16 db gain at 30 Mc's 


Medium Power 

These 4-watt diffused base silicon transistors are ideally suttable 
for output stages in servo amplifiers. A pair in push-pull operation 
provide sufficient power to drive many types of servo motors. Twi 
types are available, one with a maximum collector voltage of 60, 
the other of 100: the former is particularly useful for operating tron 
28-volt battery supplies. 


High Power 

Texas high-power transistors permit remarkable miniaturisation 
of power equipment. A collector dissipation of 37) watts with 
complete reliability, in such a small device can only be achieved by 
using silicon. Furthermore, these transistors have a typical alpha 
cut-off frequency of 5 Mc/s. 


Silicon Rectifiers 


Medium Power 


The new Texas diffused silicon technique has brought a funda- 
mental change in semiconductor rectifiers. Peak inverse voltages up 
to 600 are featured in each of two ranges now readily available: — 
a metal-case rectifier provides a mean rectified current of 750 mA, 
and a glass-seal type provides 400 mA together with a forward to 
reverse current ratio of 2 x 10°: 1. 


Heavy Duty 

Rectifier stack assemblies are available for single phase and poly- 
phase applications in half wave, full wave and bridge configurations. 
We can supply your requirements for heavy duty rectifiers whether 
fora D.C. output current of 18 amps or for an R.M.S. input voltage 
of 3,360 volts. 


Complete data sheets are available on request. 


TEXAS INSTRUMENTS LIMITED _ 


DALLAS ROAD « BEDFORD - TEL: BEDFORD 68051 - CABLES TEXINLIM BEDFORD 
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| Communication Acoustics ye 











A statement to... 


Air Line Operators 
Air Traffic Control Operators 
| Aircraft Manufacturers 

Aircraft Communication Equipment Manufacturers 
Dictating Machine Manufacturers 
Government and G.P.O. Communications Engineers 
Hearing Aid Manufacturers 
Safety and Personnel Offtcers in Industry 
Telecommunications and Electronics Engineer 


Television and Broadcasting Studio Engineers 


We are manufacturers of... 


Headphones and Headsets - Earphone and Microphone Inserts 
Communication Helmets - Stethophones 

Microphone Assemblies - Audiometers 

Far-Defenders - Extruded Cordage and Cables 








Enquiries to 


AU OLIRAUODE@  XouSsSTRIAL DiviIsIoON 


LIMITED 





53 Margaret Street, London W.1 


Telephone: LANgham 7918 
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DIGITAL COUNTING IN INDUSTRIAL PROCESS CONTROL... 


i i a a. 





Translator 


Print -Gontrol 
Unit 








Now —a continuous printed record of frequency measurements 
—with the RACAL Digital Printer Type $A.65 


A digital counter forms the heart of many industrial to a maximum of 60 count/prints per minute. 
process control installations, and it is often In applications where remote indication is required, 
desirable that the displayed results be indicated the Racal In-Line Read-Out Type SA.67 is avail- 
remotely or recorded continuously on paper able. This consists of from 4 to § neon tubes fitted 


: in line, and operated from the output of the 
lo meet these requirements, Racal announce two 


Translator Unit It is contained in a panel 





additional new equipments, designed to operate in 
‘ measuring |? in. by 34 in. by 19 in. long (for rack 
conjunction with any Racal frequency meter or = “aa ' 
mounting) and may be fitted remotely or attached 
universal counter timer ‘ , 
to the Translator Unit front panel 


The SA.65 Digital Printer consists of a Translator, 


which transfers the 4, 5 or 6-digit “count” from the The equipment is assembled largely from plug-in 
meter into a 10-line system; a Print Control Unit units, rendering servicing simple and economical 
containing a serialiser and control circuitry; and For full description and technical specification of 

Printing Unit operated by solenoids. The whole this and other Racal Digital Counting Equipment, 
system operates continuously and automatically up write to any of the addresses below 


BRACKNELL, ‘ BERKS. 


ephone: Bracknell 941 


Racal Bracknell Be 
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Cressall 


for Industry and Transport 


CARTRIDGE HEATING UNITS 


BAND HEATING UNITS 


These units are intended for 


ylindrical surfaces 


uc 


| 


clamping roun 


Of the two 


for local heating 


types available, one is of light and 


i the other ts 


tion anc 


flexible construc 


and totally encased 


| 


preforme 


CRESSALL STEEL JACKETED 


HEATER UNITS 


For use in conditions of severe 


shock and vibration such as space 


heating on public transport and for 


heating moulds and platens 


Units with alternative terminal 


arrangements are available 








A b 


THE CRESSALL MANUFACTURING CO. LTD. 





Expamet 





g 
’ 
i 
. 
NY 
> 





a 











n St.. London, S.W.1 


Burwood House, Caxt 


London Office 


7766 


ABB« 


Tel 





TRONIE 


ELEC 


MARCH 


electro-acoustic engineers ¢ audio consultants .... 





Professional Grade magnetic recording tapes. 


Data processing tapes for electronic instruments 
and industrial computor tapes. 


Instrument Division (in association with AMOS of 
EXETER Ltd.). 
Visual/Aural Signal Tracers 
Transistorised D.C. Voltmeters 
A.F. Output Meters 
Valve Voltmeters 
Specialised Transformers 
(prototype designs and small runs 
undertaken). 





Prototype design of electronic devices 


Recording Studio Equipment design including 
Professional Tape Recorders for Studio/Mobile use 
Playback Turntables and Amplifiers, Stereophonic 
and Standard Mixing Units and Amplifiers 


Recording and Broadcasting Studio Design and Acoustic 
[reatment 





LIMITED 


Electronic and Acoustic Engineers and Covisilinats ae 





e - : 
| F 82-83 NEW BOND STREET - LONDON, W.1 
A LEGATION 3618 Cables: Soundrite, London by! 4 mec ple 
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, Aircraft passenger announcement equipment MR 320 








keep in touch 
with Mur play 


Murphy Radio Limited (Electronics Division), Welwyn Garden City, Herts. 7 






SEE US ON STAND No. 85 AT THE R.E.C.M.F. EXHIBITION 


TRANSFORMERS 
HADDON LIMITED 


‘ 
MASONS AVENUE - WEALDSTONE - HARROW - MIDDLESEX 


FWRREROCW. 98223 
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i 
* 7 


’ limited space é 


Z THERE’S 


‘ THE 


r] PLACE 












for Plessey — ‘“CASCAP” 


CERAMIC DISC 
CAPACITORS 


With the birth of CASCAP, many of the inherent 
difficulties in the design and production of certain types of 





Radio and Electronic equipment were instantly overcome 
They were, of course, mainly considerations of space and 
economy in relation to the final product’s performance. 
Compact, reliable and inexpensive, CASCAP capacitors ranging 
in value between 0.0005 mfd. and 0.01 mfd. are readily available. 
They are ideal for radio and electronic applications such as 

R.F. decoupling where precision of capacitance value is not of 


primary importance. 


A NEWER APPLICATION. The present-day demands for Further information is 


compact items of electrically operated merchandise— mostly : , 
supplied in Plessey 


Data Sheet No. 5020. 


in the mass consumer field —give CASCAP a new and 

important role to play. 

In view of the legal obligation to install suppressors in such A copy will be mailed, 
r as electric razors, hair driers and the like and the : 

products as electric razors, hair driers and the li d together with a sample 

space limitation factor in fabrication, CASCAP certainly 

provides a timely answer to what would otherwise have been Cascap Capacitor, at 


a considerable problem to manufacturers. your request. 


COMPONENTS GROUP - CHEMICAL AND METALLURGICAL DIVISION 


THE PLESSEY COMPANY LIMITED - WOOD BURCOTE WAY + TOWCESTER - NORTHANTS + TEL: TOWCESTER 312 


Overseas Sales Organisation: PLESSEY INTERNATIONAL LIMITED ILFORD ESSEX ENGLAND TELEPHONE: ILFORD 3040 
PTC? 
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THE FIRST COMPREHENSIVE RANGE OF TRANSISTORISED 


OPEN CHASSIS REGULATED POWER SUPPLIES 


COMPARED WITH CONVENTIONAL 
VACUUM TUBE SYSTEMS ...... 


@® LESS THAN HALF COST 

® MUCH HIGHER EFFICIENCY 

@® GREATER FREEDOM FROM DRIFT 
®@ LOWER TEMPERATURE RISE 

@ MUCH SMALLER SIZE 


® NO HEATERS 





\ 













































































MAX. D.C. OUTPUT CURRENT (mA) 
D.C. for permissible mains variation of 
MODEL OUTPUT = 
VOLTS ite 7 4 - GENERAL DATA 
724 24 625 775 800 1000 applicable to all units 
1/23 23 645 805 825 1000 
Tn 22 670 830 850 1000 
T2I 21 690 860 875 1000 SIZE: 74° 4" » S$” high 
T/20 20 715 885 905 1000 weeenert: 74 the. 
TI9 19 740 915 935 1000 
esti) are ror gma MAINS: 200 250 V.A.C. 
T/18 18 775 940 960 1000 c 
TIT 17 800 970 1000 1000 RIPPLE: <I mV. 
7 | 6 835 | 1000 1000 1000 
Se ae L . See IMPEDANCE: 0.05 ohm. 
TIS 15 865 1000 1000 1000 
oe... A aon — le | le OUTPUT VARIATION: less than | part 
| TB 13 950 1000 1000 1000 in 1000 for + 10%, mains variation 
Tz 12 1000 ~=—S—S=«é«WC0000 1000 1000 
_ a ee iscsi — PRICE: £45 ex-works 
| 
| Th4 1-4 1000 1000 1000 1000 
Please advise mains variation when ordering made and guaranteed by: 


Any intermediate voltage can be supplied with 


no delay in delivery. Thus, a 6:3 V. unit 





ROBAND 


ELECTRONICS LIMITED 
33 Mountgrove Road, Highbury, N.5 Telephone : CANonbury 458! 





would be ordered as T 6-3. 
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ar 


A COMPREHENSIVE RANGE OF REGULATED OPEN CHASSIS SUPPLIES 


WITH THE FOLLOWING FEATURES - - 


OMISSION OF CHOKE—resulting in ability to operate down 


to zero current with complete stability—freedom from transient 
voltage surges due to shock loading—miniaturised units. 


CONSERVATIVE RATING—all units are guaranteed to main- 


tain stability for + 10° mains variation. The majority will operate 
to at least — 15%. 


LONG LIFE—Iinter Services approved paper condensers used 
throughout. Adequate derating of series valves where more than 
one is used. 


FREEDOM FROM DRIFT—exclusive use of double triode 


difference amplifiers in feedback circuit ensures long term stability. 


IMPEDANCE CONTROL—a preset potentiometer allows for 


smooth adjustment of impedance from positive to negative values. 
Can be used to offset the impedance of a series milliammeter. 













































































MODEL wort SERRE A.C. OUTPUTS | fre ance! sraBitiTy | RIPPLE SIZE Petar 

M23 +150V | 0-50mA |63V2A&63VIA] <0-10 | <0-02% | <ImV |6"x5)"~5)"ht. | £30-0-0 

M23A | +200V | 0-50mA |63V2A&63VIA| <0-10 |; 002%, : : ‘Im¥ [er “54” x 5} ht. £30-0-0 | 
M33 4250V | 0-50mA |63V2A&63VIA] <0-12 | <0-02% | <Imv |6"x5}"~5}"ht. | £27-10-0 
M24 +150V | 0-100mA |2x63V3AC.T.| <O1Q | <0.02% | <Imv |73"x63"~6}"ht. | £33-10-0| 
M24A | +200V | 0-100mA ]2x63V3ACT.| <012 | <0-.02% | <Imv |73"x6}"<6}"ht. | £33-10-0 | 
M34 +250V | 0-100mA | 2x6-3V 3A <010 | <0-02% | <Imv |73"x6}"~6}"ht. | £33-10-0 | 
M34A | 300V | 0-100mA | 2x63V 3A ~<0-10 | <0-02% | <Imv |73"x6}"~6}"ht. | £33-10-0 | 
M25 L150V | 0-200mA |2x63V3ACT.| <OIQ | <0-02% | <ImV |89"x8}"x59"ht. | £52-10-0. 
M25A | +200V | 0-200mA |2x63V3ACT.| <01Q | <0.02% | <Imv |837x8}"~53"ht. | £52-10-0 
M35 | +250V | 0-200mA|2x63V3A | <O1Q | <0.02% | <Imv |83"x8}"x5}"ht. | £52-10-0 
M35A | -300V | 0-200mA |2x63V 3A <01Q | <002% | <Imv |83"~84"x53"ht. | £52-10-0 | 
M36S | +4250V | 0-500mA |2x63V 5A  <010 | <0-02 <ImV | 14" 114" 84"ht.| £88-0-0 | 
M36SA | +300V | 0-500mA |2x63V5A | <O1Q | <0-02 <ImV_ | 14% 11)" 8}"ht.| £88-0-0 | 
M38 4250V | 0-350mA]2x63V5A | <O1Q | <002% | <ImV | 134"~83">6)"ht.| £66-0-0 | 
M38A | +300V | 0-350mA]2x63V5A | <O1Q | —002 mv] 134” x 8)" x 67"ht. | £66-0-0 | 






































ALSO 


TYPES M36/36A +250'300V at 0.5A 
M37/37A 4250/300V at 1.0A 
With 19” panels for rack mounting. 


made and guaranteed by: 


ROBAND 














AND 
A RANGE OF TRANSISTOR STABILISED SUPPLIES 
for transistor applications. E L E CT R oO N ic Ss LI M iT E D 
33 Mountgrove Road, Highbury, N.5. Telephone: CANonbury 458! 
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There’s Protection and 


PROTECTION 


Protect 
YOUR PRODUCTS 








fit A y pe 
DUST > MOISTURE +’ RUST <=. 
with 
P.V.C. 
CONTAINER AND COVERS 
ey 
=) 
cae f == 
SPECIALISTS bi 
H.F. PLASTIC WELDING fe 
: ee Sole Manufacturers: is 
r 7 Plastics by DENBAR LTD. S A: 
a Zz 134-146 CURTAIN ROAD, LONDON, €E.C.2 2, Zs 


SHOREDITCH 3531 


IF YOU HAVE A Problem IN Flexible PLASTIC 
Maybe we can Help 
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The recentl d 4GP, S5BHP and 6EP ca ( tubs ( 
hree de range of insti el be rketed by ( 

G.E.¢ 

The range includes both electromagnetic and electrostatic deflection 

tubes and all are generally available with any one of six standard 

screen phosphors. Other screen phosphors can be supplied to special 

order. 


Should you have any cathode ray tube problems—consult the M-O 

Valve Company. You will most probably find a tube in the range 

which is ideally suited to your particular application. If not, the 
] 


Company with its wealth of experience and technical facilities may 


be able to make a spec ial tube for you. 


Products of the M-O VALVE COMPANY LIMITED, BROOK GREEN, HAMMERSMITH, 
LONDON, W.6. a subsidiary of 


THE GENERAL ELECTRIC COMPANY 
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R974 GE CATHODE RAY TUBES 


Some of the many products 
of the M-O Valve Co. Ltd. 


Transmitting Valves 
industrial Heating Valves 
Pulse Valves 
Audio Frequency Valves 
Instrument Valves 
High Figure of Merit Valves 
Low Noise Valves 
Series Stabiliser Valves 
Rugged Valves 
Vacuum Rectifiers 
Mercury Rectifiers 
Xenon Rectifiers 
Magnetrons 
Klystrons 
T. R. Cells 
Corona Stabilisers 
Geiger—Miiller Tubes 
Special Purpose 

Cathode Ray Tubes 
Radar Cathode Ray Tubes 


LIMITED. 
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Manutactured 
exclusively th 
Great britain 


by 


RIMAR | 





The BRIMAR 5965 is a Trustworthy miniature double 
triode designed for use in high-speed digital computers 
Each triode section features a high zero-bias anode 
current, a sharp cut-off characteristic, and a separate THE TRUSTWORTHY Type 
cathode connection. In addition, the balance of the 
cut-off characteristic between the two sections is 


controlled. The heater-cathode construction is 
designed ‘or dependable service under conditions of 
intermittent operation. When used in ‘‘on-off’’ 
control appli: ations, the 5965 will maintain its emission 
capabilities after long periods of operation under 


cut-off conditions 


MINIATURE DOUBLE TRIODE 
for use in 


HIGH SPEED DIGITAL COMPUTERS 


T Te) Heater Voltage (A.C. of D.C.) 6.3 = 2.6 volts 
+i BRIMAR 5965+-— Heater Current 0.45 - 0.225 amp 
I t en 7+ EACH SECTION 77} 

[LD Ae 4 wetts oe PITT TIT E SS] TYPICAL OPERATION (Computer Service, Each Section) 
’ yonOV ; SSSeLeees On Condition Off Condition 
J NY Anode Supply Voltage 150 150 volts 
Anode Load Resistor 7,200 7,200 ohms 
Grid Voltage : Or ~volts 
Anode Current, approximate 10.5 mA 
Grid Voltage for |, 50uA approx. { 5.5 volts 


ANODE CURRENT mA 


(Ze . Standard Telephones and Cables Limited 


/ (Regd. Office : Connought House, 63 Aldwych, London, W.C.2) 


Crow FOOTSCRAY, KENT. Footscray 3333 
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Jransformch jroblem 
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that is when 

Gardners reference catalogue 

with its complete and detailed particulars 
of more than 600 

standard transformers and chokes 

will very probably provide a solution 


with gardneristic rapidity 


That is why 





five minutes with the catalogue 
{ 
\ is always described as 
a 
| IMAC OAAsC coc + 
, TIME WELL SPENT 


lf your work frequently brings yor 
against transformer problems, write f 


a copy to be registered in your own name 





so that a future loose leaf sheet 
can be sent direct to you to keet < “— 
your per na copy aiway ip -to-dcate 









GARDNERS RADIO LTD., SOMERFORD, CHRISTCHURCH, HANTS. Tel. CHRISTCHURCH 1024 
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AIRMEC EXHIBITION 


OF ELECTRONIC INSTRUMENTS 





We ¢ xtend to YOU a cordial invitation to see our com- 








plete range of electronic equipment, including several 


ENTIRELY NEW INSTRUMENTS 





FP AS oistmer oecce J “~JisJts at the 
NAPIER HALL 


VINCENT STREET 
LONDON S.W.| 


(2 minutes walk from the Horticultural Hal/s) 




















on 
MARCH 24th-27th 
MON. to WED. 
? » 0, af a " 
SON ON Rae "THURS. 
3 aN N95 GUAPIER MALL.) Piper foes 





ADMISSION BY TICKET ONLY 


Please write or telephone for tickets to: 


AIRMEC LIMITED 


HIGH WYCOMBE - BUCKS 


Telephone : HIGH WYCOMBE 2060. 
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20,000 
times more 
sensitiwe 
than an 
ordinary 
otocell 


New cadmium sulphide 
technique revolutionizes 
photocell performance 


A new type of photocell with an entirely new order of perform- 






























ance has been developed in the Mullard Solid State Physics 
SUPPLY VOLTAGE 7 

Laboratories and is now about to go into production 
Employing a large area cadmium sulphide photosensitive 


element, the new cell provides a sensitivity approaching 





that of a photomultiplier and a current handling capacity 
of tens of milliamps 


Technical information is in the course of preparation and you 





are invited to write to the address below 


Robust relays operated without amplifiers Sturdy construction 
Att tre y low j iti of § ft. cand t Like many other solid state devices, the new type cell is inherer 
I + S plies gved and § ed fo lustria sé 
Low dark current Wide range of applications 
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Wide spectral response 
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Commentary 


HE publication of a personal account* of the history 

and development of radar by Sir Robert Watson-Watt 
has been long overdue and its appearance, late though it 
may be, has brought back such vivid memories and stirred 
such thoughts that it would be wrong to allow the occasion 
to pass without comment. It contains a number of lessons 
which should not be forgotten 

The years pass quickly and it is difficult to realize that 
the young men who flew the Hurricanes and Spitfires in 
the Battle of Britain are now approaching their forties 
not old enough to share their vivid recollections 
can have little idea of the narrow margin by which Fighter 
Command, facing odds of more than three to one, suc 
ceeded in defeating the Luftwaffe. There was at least one 
during the battle when not a single fighter 
remained in reserve upon the ground yet, thanks to radar 
and the early warning it gave of an approaching raid, we 
able to corftrol and direct few fighter 
Squadrons to intercept and break up the enemy formations 
Without radar we could not have won the Battle of Britain 
Britain would have suffered invasion and, unprepared as 
should been defeated 

Such, then, is the debt which we owe to Sir Robert 
Watson-Watt, to A. I Wilkins, E. G. Bowen, I H 
Bainbridge-Bell and a handful of others for their foresight, 
their brilliant ingenuity and the efforts which initiated an 
entirely new conception of air defence 

Watson-Watt 
he was not the first to use pulse techniques, but he was 
unquestionably the first to propose and apply these prin- 
ciples in a co-ordinated scheme of early warning and fighter 
control. Granted that the initial conception was a brilliant 
one. granted its unique timeliness in that there was no other 
practical solution in sight to the problem of adequate 
defence against the impending threat of the mid-thirties, 
we must yet be ever thankful that we had a man with the 
vision, personality and drive of Watson-Watt, not only to 
direct the technical development of his scheme but also, 
by battling continuously against the petty obstructions and 
frustrations which invariably to permeate all 
Government departments, to succeed in building around 
our coasts a chain of early-warning stations which were 
ready, just in time, to face the German onslaught of 1940 

It is never enough merely to invent something; it is the 
application that really matters and unless the 


Those 


occasion 


were always our 


we were, we almost certainly have 


was not the first to observe radio echoes, 


seem so 


inventor 


* WaTson-Watt, R 


Three Steps to Victory (Odhams ISN 
R fin 


ened nr p ue 
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possesses those personal gifts which can overcome all the 
obstacles beset the road towards achievement, his 
invention is likely to wither in the desert air. The greater 
the invention, the numerous will be the difficulties 
in its development and application and not the least of 
these is likely to be the lack of appreciation and imagina 


which 


more 


tion which so often characterizes the administrative channels 
of Government departments 

By 1936 it had become evident to the 
that to those with inside knowledge 
it seemed virtually inevitable, but with this certain 
threat the brilliant teamwork little band of 
radar pioneers would have been of little avail without the 

Watson-Watt 
man. 


‘man in the street’ 
war was a possibility 
even 
among the 
energy and irresistible tenacity with which 
pursued his task. Never a shy never a 
‘respecter of persons’, he had early learned that a “worthy 
end served by an unofficial and 
informal short-cut than through official channels”. Some 
how he found the way to break through the restraints of 
departmental administration; somehow he found the means 
his littke team with brilliant recruits from the 
somehow, in those few short years, the whole 
scheme personnel 


a revolution evolved in the operational tactics 


chosen 


may sometimes be better 


to augment! 
universities 
great was planned, the stations built 
trained and 
of Fighter Command 

Speaking later of the young pilots upon whom the burden 
fell, Sir Winston Churchill was to make his famous declara 
tion that “Never in the field of human conflict was so much 
to so few”. Had it not been, however, 
for the chain of radar stations their 
courage and their sacrifice would have been in vain; few 
without the 


owed by so many 
around the coasts, 


is their numbers were, they only just sufficed 
aid of radar they must have failed 

Veiled in secrecy as was radar throughout the war, it 
is certain that the general public has never fully appreciated 
the debt we owe to Sir Robert Watson-Watt. To him more 
than any other single individual is due the credit for the 
winning of the Battle of Britain and, when one recalls also 
the tremendous part which radar played in the Battle of 
the Atlantic and in the final Battle for Europe, the magni 
tude of our debt surpasses estimation 

Let it be hoped that such a need will never arise again 
If it be true, however, that it proper application 
of science which won the war, let us all realize that it is 
only the proper application of scientific achievements which 
us to remain on the winning side in the even 
battle of modern life 


was the 


will enable 


greater econom« 
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ZETA 


the 

Zero 

Energy 
Thermonuclear 
Assembly 


Harwell has led British scientists to the 


reactions for 


| ESEARCH at 

conclusion that control of thermonuclear 

electricity generation may well be a possibility for the future 
ugh its practical application is still a long way ofl 
Results obtained suggest that ‘thermonuclear neutrons 

have been obtained, but further experiments will be neces 

sary before this can be proved conclusively 

apparatus 


Assembly) 


2 August, 1957, a large experimental 
known as ZETA (Zero Energy Thermonuclear 
for studying the controlled release of energy from thermo 
nuclear started up at the Atomic Energy 
Research Establishment, Harwell. On 30 August this 
apparatus was first operated under conditions that produced 


On 12 


reactions was 


nuclear reactions; neutrons emitted in these reactions were 
electrically to 


The hot 


observed when deuterium gas was heated 
temperatures in the region from 2 to 5 x 10° ¢ 
gas was isolated from the walls for periods of 2 to Smsec 
The heating process was repeated every 10sec. The high 

together with the long 
which the hot gas has been isolated from the 


experimental! 


temperatures achieved, relatively 


duration for 


tube walls, are the most important results 


y»btained so tar 


The source of the observed neutrons has not yet been 


definitely established. There are good reasons to think that 


they come from thermonuclear reactions, but they could 


also come trom other reactions such as collision of 


deuterons with the walls of the vessel, or from bombard 


ent of statronary ions by deuterons accelerated by internal 


electric fields produced in some torms of unstable discharge 
number of 


In the ZETA apparatus the 


: 
duced by each pulse of energy 


neulerons pro 
as the current was doubled 
was roughly that which might be expected from a thermo 
nuclear reaction at the measured temperatures. These tem 


peratures have been definitely established 
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1 General Vi ZETA 
Operation of Zeta 
The principle adopted is to pass a large electric current 


through the deuterium gas. This circuit sets up an electric 


discharge in the gas which heats it and also produces a1 


intense magnetic field around the column of hot gas. This 

magnetic field causes the discharge to become constricted 

ind hence heated still more. Since it also causes the dis 

charge to wriggle about, this field by itself is not enough to 

{ small discharge cire i ‘Si? a ¥ 5 } The metal 

ands round the glass toroid are INE’ rf roe 
and are used for pre n ne ihe & 





MARCH 











keep the discharge away from the walls 
been suppressed by applying an additional steady magnetic 
field parallel to the axis of the tube 
In Zeta the discharge chamber is a ring-shaped tube or 
torus of | metre bore and 3 metres mean diameter, contain 
The tube is linked by 
the iron core of a large pulse transformer. A current pulse 
of electricity is passed into the primary winding of the 
transformer from a bank of capacitors capable of storing 
500 000 joules of energy. The bank of 1 600uk 
to a potential of 25kV from a conventional metal rectifie: 
equipment through a saturable reactor. Charging and dis 
charging is carried out by a combination of ignitrons and 
mechanical switches, the design for the latter being based 
on high voltage airblast current breakers. The 
pulse induces a very large unidirectional pulse of current in 
the gas, which forms a the 
transformer. Peak currents up to 200 000A have been passed 
through the ionized gas for periods up to Smsec 
pulse is repeated every ten seconds 
throughout the current pulse 
routine Operation of ZETA with deuterium 
3 million neutrons emitted per pulse 


ing deuterium gas at low pressure 


is charged 


discharge 


short-circuited secondary for 
The current 
Emission of 
observed 


neutrons 
1S regularly in 


there are up to 


The temperature of gas discharges may be determined 
from measurements on the light emitted by the gas atoms 
this kind in these experiments present 
problems because, at the temperature of the discharge, the 
hot deuterium 
trons and therefore do not emit a line spectrum. One method 
of solving this problem is to mix with the deuterium a small 
quantity gas, such as oxygen or nitrogen 
the atoms of which are not stripped of all their electrons 
under conditions, and the spectral 
emitted by this impurity; the random motion of the high 
energy impurity make with 
the deuterium atoms and so reach the same energy causes 


the spectral lines to broaden, owing to the Doppler effect 


but measurements of 


itoms are completely stripped of their elec 


ot some heavier 


these to study lines 


atoms which many collisions 


and the amount of broadening is a measure of the ion 
energy. Many measurements by this method have indicated 
temperatures in the region of 2 to 5 x 10°°C. While tem 


peratures in this range are required to explain the observed 
rate of neutron production on the basis of a thermonuclea 
process, electric fields in the gas arising 


from instabilities, can also accelerate , 
deuterium ions and lead to nuclear - ; 
reactions Such a process was des 


Academician Kurchatov of 
in his lecture at Harwell in 


it not altogether 


cribed by 
the U.S.S.R 
1956 Therefore 


oO 


Is 


certain that the observed neutrons 
come from a thermonuclear reaction 
Experiments are continuing to stud\ 
the details of the neutron producing 
processes 

In order to obtain a net gain in 
energy from the reaction it would be 
necessary to heat deuterium gas to 
temperatures in the region of 100 


10°°C., and to maintain it at this tem 
perature long enough for the nuclear 
energy released to exceed the energy 


needed to heat the fuel and lost by radia 
tion. Lower temperatures would suffice 
for a deuterium-tritium The 
high temperatures achieved in ZETA 
and the relatively long duration fo: 
which the hot has been isolated 
from the tube walls are the most im 





mixture 


gas 


portant experimental results obtained 


so far While a much longer time 
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The wriggling has 








(perhaps several seconds) is required lor a uselul power 
Output there appears to be no fundamental reasor Vhy 
these longer times. together with much higher tempera 
tures, cannot be achieved ihere are, however nany 


major problems still to be solved betore its practical appi 


the 


cation can be sericusly considered and work mu ve 
expected to remain in the research stage for many years yel 

The WOrkK ON ZI 1A has been done in the General Physics 
Division at Harwell which is under the direction of Mr 

D. W. Fry. The group responsible for the work has been 

ed by Dr. P. C. Thonemann and senior members concerned 
7 j P , , hip L 
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Mlb bdddive- oeoee 


ed wit! ts aid 


up to 800 OOOA are used here 


with Zeta have been Mr. R. Carruthers and Mr. R. S 
Pease, with Mr. J. T. D. Mitchell of the Engineering Divi- 
sion, and Dr. W. B. Thompson of the Theoretical Physics 
Division 

Full collaboration in the controlled thermonuclear reac 
tion field of research was established with the U.S.A.E.( 
in October. 1956 

Research ork in the held of controlled thermonuclear 





The MK 3 ZETA, a prototype apparatus one third scale, the design of ZETA was 
completed The torus is now used for materials testing work 


reactions is also being carried Out at 
Ihe AE. Research Laboratory 
(Director, Dr. T. E. Allibone) on be- 
half of the Atomic Energy Authority 
and with the advice of Sir George 
[Thomson Experimental work was 
started at Imperial College by Su 


George Thomson in 1947 It was 
moved to the A.E.I. Laboratory in 
1951 The senior members of staff 


engaged are Mr. D. R. Chick and Dr 
A. A. Ware 

A relatively small apparatus known 
as SCEPTRE 3 was used and consists 
of an aluminium torus or ring made of 
12in diameter tubing, the mean torus 
or ring diameter being 45Sin, and is 
threaded by an iron core weighing 4 
tons. Very many experiments have 
been performed with this apparatus, 
discharging into it energies up to 
40 000 joules. This energy has caused 
currents up to 200 000A to flow in the 
gas and temperatures of nearly 4 ~ 
10°°C have been measured. At tem 
peratures of over 2-5 10°°C neutrons 
were emitted copiously over a time of 
several hundred microseconds. Much 
work has been done to establish the 
which the neutrons are emitted, the 
the number with gas 


Currents 


under 
which 
pressure, gas temperatures, and with different values of the 


conditions 


manner in emitted varies 


stabilizing magnetic field 


The work has been supported for the most part by a con- 
tract from the Atomic Energy Authority, the balance being 


financed by the Associated Electrical Industries 


ZETA 
(The Control Room Monitoring and Recording Instruments) 


By E. P. Butt*, B.Sc., A.M.LE.E 
ZETA a large experimental device and it is, therefore, necessary to make a large number of 
” urements and recordings of them. In this article the necessary measurements are detailed and 
the control room monitoring and recording instruments are described 
- 
ETA, t Zero Energy Thermonuclear Assembly at The automatic cycle of operations and the control of gas 
“Harwell, is a large experimental device designed to pressure, high tension voltage etc. are centralized in the 


deuterium. A 
description of the machine, together with some preliminary 
results has recently been published 

ZETA 1s, a large pulse transformer for pro 
ducing high currents in a low pressure gas. The primary 


investigate the thermonuclear fusion of 


essentially 
winding is connected to a large bank of charged capacitors 
An electrical discharge in the gas contained in 
the torus, usually deuterium, takes the place of the secondary 
winding. Currents of up to 2 10°A flow in the discharge 
channel heating the gas to temperatures which may reach 
1 maximum of over 5 = 10°°K. At this temperature, in 
deuterium, neutrons are produced at the about 
10° per pulse. This been repeated at 
approximately 100 000 times 


every |2sec 


rate ol 
discharge has 


2sec intervals 
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control room which also acts as the focus for experimental 
observations. The control room monitoring and recording 
instruments are used for recording information derived 
from a number of measuring techniques used simultaneously 
at every pulse. By this means the maximum information is 
derived from a particular experiment 


The Controls of Zeta 


The cyclic operation of Zeta is an important feature of 


the machine. Several hundred discharges are usually 


required before steady conditions are reached if the machine 
1as been open to the atmosphere for an overhaul. Even after 
a brief stop, one or two discharges are necessary before 
This “running in” time 
is believed to be connected with impurities on the walls of 
[hese impurities are gradually removed by the 


normal conditions are re-established 


the torus 
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discharge. Consistent results are not obtained from occa- 
sional single discharges. 

The cycle of operations required to produce each dis- 
charge is shown diagrammatically in Fig. | and the circuit 
of ZETA is given in Fig. 2. These operations are performed 
automatically by a continuously rotating timing drum. 
Relay circuits ensure that the sequence is started in the 
correct order, irrespective of the position of the drum at 
ihe time of starting. There is also an interlock system which 
prevents a cycle of operations being commenced if there 
is a fault in any part of the equipment 

The sequence of operations, as shown in the figure, is 
mainly self explanatory, but it will be noted that the axial 


magnetic field can either be continuous or pulsed. If the 
q re) Sed 4 
io \ 109 90°¢ 
: QRUM 
20 TIMER 80°. 
be : Motor driven drum timer 
30 1Oorl2sec/ 70 
rotation 2 
. 40 60. 
50 
{tdiv= — rotation) 
=3-6° 
ed 
Wee Z ZZ IZ III II IAAL ZZ VATE Sequence contro! relay 
terrae zz zz 7 ZZ T an a (v raza 
Grid control cut off |Max ti 
er rarriagrey: Axial field 
a) Mechanical switch 


Camera shutter and 


Vaniabie delay —— = 
yma po Memotron erase register 


Camera shutter open -_- 


\ 
> 1 234 5 6 786 GY 101i 12 tsec({mer set to) 
Percentage rotation 
© 10 20 30 40 50 60 70 80 90 i100 of timer drum 
a . 2 timer set to 
fe) ? 
C 2 3 4 S 6 6 9 © esac (er iat ) 


Fig. 1. Timing sequence for ZETA 


current required in the coils exceeds their rating for con- 
tinuous operation, then the field of the motor generator set 
is pulsed. It will also be noted that a pulse occurs, shortly 
before the discharge, which opens the shutter of the record- 
ing camera of the oscillograph. This pulse also operates 
counters which record the number of the discharge. Counters 
are located in the control desk and in each of the five 
laboratories which surround the machine. The discharge 
number and date is also recorded automatically by the 
oscillograph so’ that each frame can be identified and co- 
related with other records. 
(a) Gas Controls 
An ionization gauge measures the pressure of the gas 
in the body of the torus. This pressure may be con- 
trolled in two ways. Firstly by varying the pumping 
speed of the system by controlling the fine side valves. 
This provides a coarse contro] of pressure. Secondly 
by altering the rate at which gas is let into the torus. 
In the case of hydrogen or deuterium, the input of gas 
is varied by altering the temperature of a thin walled 
nickel tubing through which the hydrogen diffuses at 
a rate increasing with temperature. The pressure of 
other gases is controlled by a motor operated needle 
valve. 
(b) Capacitor Voltage 
This is controlled by adjusting the input voltage to 
the e.h.t. rectifier set which is connected to the capa 
citor bank by means of a large transmitting triode. 
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[his valve is used as a constant current regulator and 
also isolates the capacitors from the supply before the 
actual discharge 

(c) Stabilizing Axial Field Suppl 

The current through the axial field windings | 
trolled by remotely adjusting the field supply to the 


con 


motor generators 
In addition to these controls and the 
recording instruments which will be discussed in a late 
section, an intercommunication links the control 
room with the other laboratories in the plant area 
It will be seen from the circuit diagram Fig. 2, that the 
capacitor bank is connected to the primary by means of 


monitoring and 


system 





a mechanical switch. The time taken for this switch to 
operate is uncertain to within a few milliseconds, so that 
it is not possible to derive signals from the main timing 
circuits which are required to trigger oscillographs and 
>eht 
25kV max 
Charging . 
vaive é) 
= % 
|= |] Moke Saturabie 
switch reactor Metros 
e i pe ae 0 OA | r nA. +o+> 
* ; > tegrat 
600yuR ' aos ay al ji ) 
Os -_ ign ron oa jf f\e 
OSM ame Clamping ol { we 
at 25kV Earthing< ignition an © Nei 
Switch < ry ~ 
eet 
< . “ . 
Jolts per turn 
! + . 
Fig. 2. ZETA main circuit diagram showing the principal electrical 


measurements 


other electronic equipment before the event. Such signals 
are obtained from the saturable reactor in series with the 
switch. This provides a roughly square waveform of from 
SOOusec to | SOOusec duration depending on the capacitor 
voltage. This signal is applied to a ten channel electronic 
timing unit* which provides the two trigger pulses required 
for the eight channel oscillograph and eight other trigger 
pulses for general use in the laboratories. The ten trigger 
pulses supplied by the electronic timer unit may be delayed 
up to 10msec from the front or rear edge of the master 
pulse from the saturable reactor 


The Recording and Monitoring Instruments 

A schematic diagram of the recording and monitoring 
instruments is shown in Fig. 3. The main recording instru- 
ment is an eight channel oscillographt with which signals 
from a particular experiment are recorded on 35mm film 
This information is not immediately available as the film 
must be processed. It is therefore necessary to provide 
monitoring facilities on which the required information is 
instantly presented. A two channel storage type monitor 
enables any two channels, of the eight being recorded, to 
be displayed. By this means the experiment can be con 
trolled and the satisfactory working of the machine en- 
sured. This information is reinforced by that provided from 
a neutron detector and scaler and a health 
monitor consisting of a rack containing three rate meters 
for fast slow neutrons and 
tively 

The choice of 


was determined 


fast unit 


neutrons, gamma rays respec 


an eight channel recording oscillograph 


by practical considerations. Four square 


ckers Electrical Co. Ltd 


4. E. Cawke Electron 


* Supplied by Metropolitan-b 


Engineers), Sout 


* Supplied & 
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L angmuir probes 
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Fig. 3. A schematic diagram of the ZETA control room monitoring and recording equipment 





node-ra { eS, each Naving two eiectrode asse 11es on to a storage mesn whicn i flooded witt A eiocil 
display which 1s 12in square. This can be readil electrons These electrons are allowed to pass through the 
ographed on 35mm film* and enlarged to nearly full mesh only at the points which have been traversed by the 
for measurement purposes, by a commercial projector writing beam, and after suitable acceleration, excite the 
in accurate x 10 enlargement This arrangement phosphor to give a picture ol the wavetorn The stored 
esents the optimum compromise, lor the present pur pattern can be instantly erased and there are facilities for 
between the number of channels and the recorded iutomatic erasure before each pulse or local erasure by 
|. Photographic grain size imposes a limit on the re i push-button control. By this means any two signals 
led information, and to increase the resolution available may be observed at comparative leisure in the 12sec 
proposed to use 70mm film when the occasion de between each pulse Alternatively, if the waveform is non 
ds, if a Suitable camera can be developed repetitive i number of traces may be superimposed 
is not uncommon for the present equipment to be i Families of traces from the same channel may be stored 
for periods as long as twelve hours, continuously to observe the effect of varying a particular paramete 
ding the eight traces every 12sec 
is therefore necessary to demand a Fig. 4 Typical eight aenne records 
tandard of stability and reliability } / 
his instrument All the main : 4 7 Chas , . 
uppiie ire Stabilized including ich : . 
igh tension supply to the cathode 
es This latter point is impor 
further adjustments are 
ed to the spot brilliance’ controls 
hey have been initially set up at 
egin of the day 
IVE rorty input from the other 
ogetner vith a number of 
easurements are available 
ul eight signals to be recorded are 
cted by ins Of a 56-way patching 
it the rea i the ontrol desk 
I} Memotron’ monitor is a slave 
to the eight channel oscillograph 
h enables at two of the signals 
2 ecorded to be observed on the 
desk It consists of two oscillo 


yes with identical sets of X and Y 


piil s to the recording oscillograph 
re supplied with deflexion and 
yrightening waveforms trom the 
osciilograpn Lhe cathode-ra\ 

es employed, however, are storage 
which have certain special advan 

tor the present purposes The 
motron is an American cathode-ray 
hich stores indefinitely the trace 


the screen This is achieved by 


ing the transient waveform initially 
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groups collected trom a 
ol 


discharges 


Ol traces 
different channels on conse 
These facilities have 

but tubes 


number 
culive 
deen of value storage 
also have their The amount 
ol information be 


limited by the mesh aperture size which 


greal 
limitations 


which can stored 1s 


is of the order of 112 to the inch. The 
writing speed is also limited The 
storage mesh 1s in effect a two state 
device, and in consequence does not 
store information below a certain level 


ot charge Those waveform 


which involve the writing beam travers 


parts Ol a 


ing the mesh at a speed in excess of 
that required to raise the potential to the 
minimum level are therefore lost. Its 
maximum value is of the order of 
lem usec, but varies greatly between 
tubes The contrast ratio between the 
yxackground illumination and the trace 


is of the order of 3:1, which is too low 


Oo photograph satistactorily 
The 
Memotron amplifiers and the e.h.t 


the 
sup 


stability requirements for 


plies are similar to those required for 
the eight channel oscillograph 

\ detailed description of both the 
eight channel oscillograph and the 
Memotron monitor will be found else 


in this journal 


Che ing signals indicated in Fig 

represent a wide range of measuring 

techniques These can be roughly 

divided into three classes Firstly, elec 

trical circuil measurements, secondly the measurement of 
irious forms of radiation from the discharge, and thirdly 


neasurements fron irious form of probe. Each of these 
groups of measurements is briefly described in a subsequent 
of tt of the 


root} 


us article in order to illustrate the use 


section 


ontrol recording and monitoring equipment 


Electrical Circuit Measurements 


The of the machine is shown in Fig 
nechanical the bank 
\ saturable reactor protects the switch by limit 


4 bank of non-linear resistors pro 


lain circuit 


switch connects Capacitor to 
primary 
1g the 
tects the capacitors from a short-circuit across the primary 


The 


necessary 


initial current 


secondary secondary load 
it 


1 clamping ignitron, when 


Or an Open-circuit in the 


predominantly inductive so that to short 
it the 


ne primary 


iS 


circt primary, DY means ot 


voltage reaches zero. This prevents the reversal 


the voltage on the capacitors and prolongs the discharge 
The ¢ ipacitors are rated at a maximum of 5 per cent reverse 


ll e.h.t. The principal electrical measurements 


, ‘ 
Oltage at fu 


shown in the diagram and 


‘tained are circuit ire as 
follows 
(] The primary current /, (1) is measured by a current 


transformer. This measurement includes the current 


which circulates after the clamping ignitron has fired 
The curre external to the clamping circuit /, (2) is 


measured by another current transformer This 

current tals ipidly to zero at zero volts 

The secondary current /, 1s measured by means of 

1 Rogowski coil encircling the torus body. The volt 

ige Output from this coil is proportional to di 
MARCH IN 


the 





Fig. 5. Shot No. 1128, 18 December, 1957 
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the intensity of the various 
forms of radiation emitted by the dis- 
charge. 


measures 


Neutrons are detected by a plastic 
(proton recoil) scintillator and counted 
by a fast, gated, scaling unit in the con- 
trol room. This very good 
guide to conditions within the discharge 


but does not provide a signal suitable 


acts aS a 


for recording. Experiments are under- 
taken which involve special detectors 
and time and energy distribution 
measurements. For these experiments 
both scintillators and boron trifluoride 
detectors are used in conjunction with 
amplifiers which give a_ recordable 


X-rays are also detected by means of 
crystal scintillators and the output sig- 
nals recorded when _ required. 
both X-ray and neutron 
detector outputs are shown in Figs. 4 
and § 


are 
I xamples of 


[here is very little visible’ light 
emitted by the discharge in deuterium 
the first hundred micro- 
seconds, as the gas is then fully ionized 
It has been found possible to estimate 
the of the 
by measuring the Doppler 


ol 


after or so 


temperature ions, however, 
broadening 


emission lines from highly 


€ nan 


ionized 


Chan 
impurities. These may be present due Chan 
to unavoidable contamination in the 
vacuum system but can be introduced 


deliberately when necessary. In order to 
know which lines to use, the intensity variations during the 
pulse are observed. Spectral lines which have a maximum 
intensity when the current is high are most suitable. When 
the gas concerned has not been introduced deliberately it 
is also desirable to know if the supply is maintained. For 
example, after continuously running for a long time all 
oxygen lines will disappear. The outputs from special 
photomultipliers used to measure the intensity of a parti- 
cular spectral line are therefore recorded. The total light 
output is also recorded when required. Examples can be 
seen in Fig. 5 

[he microwave noise emitted by the discharge is also 
being investigated as a method of measuring the electron 
temperature of the plasma‘ 


Probe Measurements 

Probes inserted into the 
group of signals which may 
properties of the discharge 


torus body provide another 
be used to measure certain 


These probes may be of three 


main types 
Magnetic probes are inserted into the discharge to 
measure the magnetic fields present in the plasma. The out- 


puts from the search coils are integrated and up to eight 
measurements may be made simultaneously 


Langmuir probes may also be used to measure the ion 


current to the torus wall and at other points in the dis- 
charge. A four channel probe has been used for this work 
which may lead to another method of measuring electron 


temperature 


An example of the signals obtained is shown 


in Fig. 6 

The measurement of the attenuation by the plasma of 
4mm microwaves provides a means of estimating the den- 
sity’. For this purpose transmitting and receiving horns are 
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Fic. 6. Shot No. 0144, 9 January, 1958 
l > Lanen r Probe Chan 
2 Chan. ¢ 
ly ( har Is 
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signal received 


placed opposite each other and the 
corded. 


Operational Signals 


Signals derived from other equipment are also recorded 

establish correlation between experiments. These 
signals include the gating pulse for the neutron counters 
and signals from the time resolved spectrograph 
circuit and the image convertor streak camera 


to a 


gat 


ing 
s . 


Conclusion 

Unless great care is taken all these signals are subject 
to severe interference due to the large electric and mag 
netic fields associated with the machine. There also a 
considerable risk of pick-up from the 3kW radio frequency 
pre-ionization equipment which is used to make the gas 
weakly conducting before the discharge. For 


1S 


these reasons 


it is desirable to use shielded balanced twin cables and 
balanced oscillograph amplifiers. 
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ZETA 
(The Main Recording and Monitoring Equipment) 


By A. E. Cawkell* and R. Reeves*, A.M.1L.E.E 


lo operate and evaluate the results obtained with ZE1A a large number of signals have to be 

recorded and monitored, The derivation of these signals has been described elsewhere’. In th 

article the main recording and monitoring equipment is described. This comprises an eight chan 

nel oscilloscope with photographic facilities and a two channel oscilloscope incorporating ‘Memo 
tron’ transient storage tubes 


"THE recording and monitoring equipment for ZETA con (b) The tube section consisting of two identical ‘Me 
sists of an eight channel measuring oscilloscope with tron’ cathode-ray tubes together with the flood gun 

photographic facilities, which is used for recording and writing gun, and erase networks and other networks 

measuring transient waveforms, and a two channel oscillo and controls 

scope incorporating ‘Memotron’ transient storage tubes, (c) A Cawkell PE31A stabilized h.t. supply 

which is used for visual monitoring (d) A continuously variable stabilized e.h.t. supply, of 
Information from the 3kV and 3kV SmA maximum 

ZETA torus is fed to the The equipment is mounted on one panel for fitting into a 


equipment through 600!) 
lines, and the instrument 
was designed and devel- 
oped for, and in very close 
consultation with, the 
Atomic Energy Research 
Establishment, Harwell. 
The derivation of the sig- 
nals is described in an ac- 
companying article by 
E. P. Butt! 





General Arrangement 
(see Fig. 1 (p. 116)) 
The eight channel in- 

strument (see Fig. 2) may 

be divided into a number 
of sections: 

(1) Two units each con- 
sisting of four iden- 
tical X and Y ampli 
fier channels. 

(2) The cathode-ray tube 
unit embodying four 
20th Century D6BSQ 
double gun _ tubes, 





Fig. 3. Two channel transient storage oscilloscope 


* 
< 
< 
> 
- 


7“ hVhY 


it = it 
ny 





with the usual Ss 
auxiliary circuits. < / Y Shift ? 
(3)(a) A unit consisting ¢ NAL a AWAY 3 } 
of a_ gated time Va 3 Vs —4+ 4 
marker generator, > | 2 
and mechanically ¢ + = < 
part of the same unit -150V L_ 4 Gria L 46° 4 
(b) Two completely Fig. 2. Eight channel oscilloscope + why $ os? < “ 
separate scan genera- 2 Y Gain 2 $ $ 
tors $ $ < F 
(4) Photographic control panel vy + a 
(5S) Four Cawkell PE31A 250 mA three-outlet stabilized Y | Balance we 
power supplies, inter-connected to provide a variety 
of operating voltages. =a 
(6) A stabilized variable e.h.t. supply adjustable in the J = 
range 2 to 6kV at 3mA for the tube guns. 
The instrument is built on panels and chassis occupying 3 
both the front and rear of a six foot rack ¢ 
+ — SOV 


The two channel oscilloscope (Fig. 3), may be sub- ™ 
livided as follows: Fig. 4. Basic circuit of Y amplifiers 
C C rs >. 


(a) A two channel X and Y amplifier identical to those control console, but an alternative version is being made 
fitted in the eight channel equipment suitably sub-divided for fitting into a standard rack 


° kell R h & Elect Lid Some of the more interesting features will be described 
Cawkell esearcn fectronn td. : 
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(2) D.C. coupled throughout, and therefore no undesir- 
able effects as recurrence rate is altered. 
Very wide range; in conjunction with the X amplifier 
a maximum sweep speed of about 200V/usec may 
be obtained. Using conventional ‘speeding up’ tech- 
niques much higher speeds should be possible. Apart 
from the ‘brightening’ arrangements, the circuit is 
capable of generating slow linear sweeps whose dura- 
tion is Only limited by the size of the main sweep 
capacitor. If necessary, this could be ‘increased’ by 
feedback methods‘ 
Constant ‘brightening’ voltage is applied to the c.r.t. 
grid without the use of an r.f. oscillator, even on the 
slowest sweep 

Assume for the moment that V». grid is the triggering 
terminal. Then any positive going 15V waveform, regard- 
less of its shape or rise-time, will trigger the scan, as V>» is 
1 Schmidt trigger 


(4 


2oov] Sec TISS — t 
* eg 40V 
20V 
YJ ! 
~— _- —_——_—_— — > 
1OOmsec 
Fig. 6. Brightening waveform (100msec sweep) 


The condition before receipt of a trigger is as follows 


Vo» on, Va grid negative, V; conducting holding scan 
capacitor voltage earthy, V2» off. 

Upon receipt of a positive trigger \V switches on 
and V2, off; the rise in voltage at Vo, anode is communi 
cated via Via to V; cathode which, becoming positive, is 
cut off 


The capacitor C, as selected by the ‘scan period’ switch, 
now commences to charge through the 2M?) resistor R. 
This rising voltage is inverted in Vz, and Visa, and fed back 
to the other end of the charging resistor R. The sweep volt 
age is therefore linearized by a ‘d.c. coupled bootstrap ° 
effect, the current through R being held constant 

The voltage on C is allowed to rise to about 10 per cent 
of the supply voltage 

The sweep terminating action is then as follows: 

The sweep voltage is fed back to the comparator Vs; via 
V:. cathode 

Vs» comes on, and Vs, off, the rising voltage from V2 
anode switching on V2». Vs now comes on via Via, and the 
sweep voltage rise is terminated, C discharging through Vs. 

The resulting fall in voltage at the cathode of V; switches 


Vs» Off, and V3, on. The circuit and potentials associated 
with V» are such that there is a form of backlash. When 
Voy is on, its grid is well positive but when off only just 


sufficiently negative 

When V;, comes on therefore, the negative drop applied 
to V2 grid is insufficient to cut off Vx 

The ‘set V2’ control is adjusted so that the positive excur- 
sions of Vz, anode are sufficient to switch on V2», but nega- 
tive excursions are insufficient to cut it off 


BRIGHTENING CIRCUIT 

Vi» cathode waveform, which is a rectangular pulse last- 
ing for the duration of the sweep, is used to gate the time 
calibrator 

The brightening pulse is coupled via cathode-follower 
Vi» to c.r.t. grid via an appropriate SkV working 
capacitor, each grid circuit being completed by IM??? 
the maximum permissible value 


each 
a 


resistor 
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If the brightening level is to be maintained constant to, 


say, 5 per cent for 100msec—the longest sweep duration, 
5kV working capacitors of at least luF are required; these 
are inconveniently large and expensive 

Assume therefore that 0-luF capacitors 
reasonable size, are to be used 

If 20V is a suitable value for the brightening pulse then 
the initial current drawn from C is (20/10°)A. To maintain 
this current, V must be increased at the rate of 7/C volts 
second, which is (from Q@=CV) 200V /sec. The brightening 
waveform required is therefore as in Fig. 6 

V,; is normally conducting. Vs. the 
brightening output cathode-follower, via a suitable level 
adjusting potentiometer and a 0-SuF capacitor 


which are a 


is coupled to \V 


ae oe ¢e— +300V 
+ 200V $s a 
S < 
A,->— Stig c.F.t < 
. om plates ~« * 





—-250V 


*X° amplifiers 


Upon receipt of the positive rectangle from V2, anode, 
V« is cut-off, and the 0-5uF capcitor charges at 200V/sec 
through R. The pulse at V7 grid is therefore of the form 
shown in Fig. 6 and compensation for the short time- 
constant coupling to the tube grids is achieved. At the end 
of the scan period V; conducts and discharges the capacitor. 


X Amplifiers (Fig. 7) 

The single ended output from the scan generator is made 
push-pull in the cathode coupled stage V,.. \ 

Markers are available for time calibration, and the ‘X 
gain’ control provides for expansion from } to 10 screen 
diameters. 

The *X balance’ control is adjusted so that the spot may 
be positioned at the left-hand edge of the screen, and no 
movement is produced when the ‘X gain’ is varied 

To achieve optimum linearity, careful attention is paid 
to operating potentials. The velocity error is too small to 
measure on the screen 


Marker Generator (Fig. 8) 
The square wave from the selected scan generator is 


inverted and applied to the cathode-follower Vin. The 
diodes clip the waveform and clamp it between + 10V and 
zero. At +10V (i.e. no applied square wave) V2 is not 


operating. At zero (i.e. square wave applied). V2 generates 
pulses 2usec long, spaced by 10usec, which in turn syn- 
chronize a second multivibrator generating markers spaced 
by 100usec. A third multivibrator, synchronized from the 
second, generates markers spaced by I msec 
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The outputs trom the bf 
three miultivibrators are < 
fed via three cathode-fol 2 


lowers (V3» only is shown 
as an example) to the add 
ing and clamping circuits. 

The output from V2 is fed 
via an additional cathode- 
follower V3, to the crystal 


+20V 
-1OV - kk ( 
4 


checker scan! < Pr is soe sa “aaa 4 
, . | 
[To check that \ iS Scan2 < ‘= oe 


generating 
Spaced 
10 


markers time 
accurately al 
is made to ‘free < 
run depressing § 
thereby altering the bias 
ing conditions. VR, is then 
adjusted until the tuning 
indicator 
showing 


sec, il 
by 


eye closes 
that signals are 5 
passing through the 100k/s ++ -30 
‘crystal gate A 
arrangement has been des 
cribed elsewhere’ 
Negative going markers 
are available from _ the 
cathode-followers (e.g 
Vay), at 10, 100 and 
1 000 spacing, from 
where they are fed to the 
adding and mixing circuit 
whichincludesMR:toMR 
When the 
Switch 1s made, a 
causes MR, to 


similar 


° tuning -o 
ndicat ion 


sec 


‘tfe AAAS 


‘1Ousec 
pulse 
conduct current through 
R.. MR, and R; to — 150V. As a result a {V pulse appears 
across R». It will be observed that the diode resistance, being 
small compared with 50k‘), has little effect upon the cali- 
bration. 

If the ‘100usec 


Say, 


Fig. 


and passes 


and ‘Imsec’ switches are made, the pulses 
‘stack up’ and a result every tenth pulse will have an 
amplitude of }V and every hundredth IV 

The pulses are fed into the Y amplifier as required for 
both voltage and time calibration purposes 


as 


Stabilized Power Supplies (Fig. 9) 

Some points of interest will be described. Four standard 
Cawkell PE31 model ‘A’ supplies are fitted (Fig. 9(a)). These 
result a wide range of output voltages is possible while the 
locking plug, whereby certain control resistors and a tap 
ping on the transformer h.t. secondary are changed. As a 
result a wide range of output voltage is possible while the 
ripple level remains at less than ImV, and the output 
impedance at less than 1{) under all conditions. 

V, is the usual ‘series valve’, which has a stabilized screen 
supply (not shown), V2 being the controlling amplifier 

Three stabilized ‘outputs’ are available from one trans 
former-rectifier-smoothing system 

[he ‘positive’ and ‘negative’ outputs are obtained in the 
normal manner 

The ‘0’ rail is stabilized by V4, and shunt stabilizer valve 
\ 4 total current of 250mA may be drawn, and up to 
100mA more current (provided through V;) can be taken 
between ‘plus’ and ‘0’, than between ‘minus’ and ‘0’, if de- 
The ‘0’ tap may be varied by 150V within, and relative 
to, the outer rail voltages 

In this case (see Fig. 1) two independent groups are pro 
vided suitable inter-connexion, each giving plus 300, 
plus 200, minus 150, and minus 250V 
the X and Y amplifiers, by connecting the 


sired 


by 


In the case ot 
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8. Time calibration marker generator 
circuit between 300 and 250V, the output valves are 


capable of providing the necessary voltage swing to fully 
deflect the spot on the somewhat insensitive double gun 
tubes 

The greater part of the oscilloscope runs from the plus 


200 and minus I50V supplies 

It will be observed that some current must always be 
taken from ‘plus’ and ‘0’, otherwise Vs, V, circuit will not 
Stabilize 

The e.h.t. supply, providing for to 6kV_ variable 
stabilized voltage at 3mA is shown in Fig. 9(b) 


V;, V« comprise a self-excited oscillator operating at the 
resonant frequency of the h.t. coil Ls, about 25ke/s; Li-L 


are wound on a Ferroxcube double-U core. The output 
from L; is rectified and voltage doubled by Vs, V«, with 
C;, Cy. R;, Ry is a potential divider connected between e.h.t 


negative and some fraction of 300V (obtained from one 
of the h.t. supplies) 

Changes in the e.h.t. output voltage therefore appear at 
the grid of \ being the junction of R,, Ro. These changes 
are applied with the correct phase to Vs, V4 via d.c 
fier V;, and cathode-follower V 

The e.h.t. output voltage is substantially R 
voltage set VR 

A change of this potentiometer causes a relatively slow 
change of e.h.t. voltage because of the large back coupling 
time-constants involved 

However Cs, Cy, comprise a capacitive divider which 
to be large enough for smoothing purposes with- 
out imposing a large delay in the feedback loop which could 
cause instability. 

R;, C ind R,, ¢ 
at the natural of L,-Ls 
thereof. Such frequencies are much higher than 

The heater of V 1 further 
winding (not shown) 


ampli 
R, times the 


DY 


permits ¢ 


prevent the oscillator from working 
combination 


2Skc s 


frequencies or any 


is supplied from transformer 


FLECTRONK ENGINEERING 











Two-Channel Transient Storage Oscilloscope 

The heart of the instrument is the ‘Memotron’ transient 
storage cathode-ray tube, manufactured by the Hughes Air 
crait Corporation 

Ihe general arrangement of the tube, with its associated 
circuits, is shown in Fig. | 

[wo electron guns are contained within the glass en 
velope 





© 
+ 
Se ae 
| 6S$0V 
| 2*OmA } “— 
£. ATING \@) 
ne 
ee 
re 
ht 
+ ——~ 
Nn v < < } < 
i ssstolenas € £ 2 $ 
REFERENCE Pa - < 
Pr S¢ . £ 
NEON | 
ee 
e- é—> Reference 
* 30 ? a ° * 
2 - 
VR Se 4 s 
d ‘ > 
< + T 
<A, . = v 
vt +. << —— 
(— am \ * “ — | 
< 
bd t1--- ---1+@ @4---| 
ent | — | am. 
C.| X 
_ 
ae 
< Q 
Pa < 
> 
< < 
< a 
© 4-44 pe | — | ee | 
—_ << os 
<2 < 
<e < 
-.< < 
” < 
. t—t+ + 
- 250V + 4 
The ‘writing gun’ has a normal electrode assembly, and 


the usual X and Y deflector plates to which a time-base 
and signal are applied. High velocity electrons are produced 
as a total accelerating potential of more than 3kV is used 

rhe ‘flood gun’ has a simple assembly, containing no grid 
or deflector plates, and a single anode only, to which an 
accelerating putential of only about 200V is applied: low 
velocity electrons are produced 

Between the two guns and the viewing screen (which is 
coated with a Pl green phosphor) are four additional elec 
anode, ‘ion repeller’, ‘collector’ and ‘storage 


order 


trodes the 3 
mesh’, in that 
The storage mesh is coated on one side with a dielectric 
material. It is continually sprayed with low velocity elec 
trons flood under conditions 
unwritten’ potential, around 0 volts 
as the brightening potential is applied to the 
writing gun, the beam comes on, and high velocity electrons 
the de 


from the gun, and these 
assumes the 

As soon 
mpinge upon the storage mesh, as controlled by 
flector plates 

The 
emission, and assume the potential of the adjacent secondary 
150V 
to flood gun electrons, which are accelerated to the viewing 
kV) 


Flood gun electrons continue to pass through the ‘holes’ 


ind the ‘picture’ remains upon 


bombarded areas of the mesh produce secondary 


electron collector—about These areas are transparent 


producing a bright trace 


screen (which 1s at 


made by the writing beam 
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the screen indefinitely at a constant brightness 

The collector is connected to the cathode of a cathode- 
follower, whose grid voltage may be altered 

Che potentials of most of the other electrodes may also 
be altered, and the Memotron tube is adjusted so that there 
is the maximum contrast between the trace and the “back- 
ground’ noise. The contrast is further improved by pulse 
modulating the storage mesh and collector voltages with a 
simple ‘free-running’ pulse generator (circuit not shown 

When present, the background appears as if by the pro 
jection of a fine wire mesh upon the screen 

The flood gun, by causing secondary emission, continues 
to hold the written areas of the storage mesh at 1S0V, 
until it is desired to ‘erase’. This is achieved by momentarily 
lowering the collector voltage which is allowed to decay 
with a time-constant of 0-Olsec 

‘Erasing’ is controlled by a push-button on the panel, or 
alternatively from a remote position 

The tube will behave like a normal cathode-ray tube if 
the collector is held at a low voltage. A further possibility 
is to arrange for a transient to remain for a pre-determined 


t 


interval, being erased Dy 

an ‘auto-erase = circull 
Fig. 9 —— power supplies At present the fastest 
b) E.H.1 transient that can be dis 
played is one lasting tor 
perhaps 1Ousec However 
in integrating effect occurs 
if the wavetorm is 
° repeated DV cumulative 
Output storage actior If the 
flood gun is biased off be 
tween sweeps the effect 1s 
| ic, enhanced, and regardless 
; = of the interval between 
R, 2 transients, eventually a 
J trace Wil ippear, the 
L 4 number of repititions 
- ” | O necessary being dependent 
on the speed of the 

transient 

The resolution is 50 


lines /in 

ASSOCIATED CIRCUITS 

A Cawkell type A stabilized h.t. supply, and a variable 
stabilized e.h.t. supply producing plus and minus 3kV stabi- 
lized at SmA, are common to both * Memotron’ channels 

Their e.h.t. voltages are generated from a similar e.h.t 
supply to that already described; the positive voltage is 
obtained by an additional rectifier system, which is not 
referred to for stabilization. It is held constant against mains 
fluctuations by the negative reference feedback, but varia 
tions arising from load changes are very small. as the posi 
tive rail only supplies the viewing screen 

Apart from the collector voltage already mentioned, the 
electrodes are supplied from suitable bleeder networks 
heavy current being necessary in some cases. The ion re- 
peller for example may pass up to 4mA 

The X and Y amplifiers are identical to those in the SC 36 
instrument. It is possible to connect the Y inputs to any of 
the eight channel inputs for monitoring purposes, while the 
scan and brightening voltages are derived from either of the 
two SC36 scan generators 
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Controlled Saturation in Transistors and its 
Application in Trigger Circuit Design 


(Part 1) 


By N I Moody* A M LE I 





It is usually considered that the speed of a transistor switching circuit becomics @ degradea 
if saturation is allowed to occur That this need not be so, if the saturation is appropriately con 
trolled, is demonstrated by the design of a trigger cir s saturated circuit is able to approach 
the performance of ts non-saturated counterpart wil may often replace with economy ; 
hoth power consumptt« ST 
Part »t the article is devoted to a study of arrier storage n both saturated and non-saturate 
ws. This study leads to a concept known as‘ controlled saturation, which defines the max 
mum charge storage the transistor in exhibit whether saturated or n 
In Part 2 this « mecept s applied lo deve lop a trigger rcui of excellent resolving time WHOS 
itput terminal is able to handle heavy urrents and present a low impedan Th reuul find 
in wunportant application in d fal computers emptoying d (ine. 
RIGGER circuits and switching circuits fall into two THe CARRIER STORAGE UNDER LINEAR AND Sal ,TED 
classes: those in which the transistors saturate, and CONDITIONS 
those in which saturation is prevented Circuits using The charge storage in a transistor may be studied 
saturated transistors are generally simpler than their non inv convenient circuit configuration. and the result 
saturated counterparts, but saturation can lead to large be expressed in terms of any pair of the three ter i 
carrier storage which, in turn, destroys the speed of currents For the purpose of this article it ol 
operation to use a grounded collector stage is show i big 
The first Part of this article is a theoretical study of to develop the equations in terms of base and 
saturation phenomena, directed towards minimizing the currents 
penalty of lost speed. A concept, known as * controlled If it be supposed that the base current Ne 
saturation, is developed; and when this is applied, in cor at some arbitrary value, then the transistor may be made 
junction with correct ‘turn off techniques, it is found that to saturate, or not, according to the value of the emitter 
the speed loss due to saturation may be quite small resistance R. In the first place let R be made small, so 
The second Part of the article applies the theory to the that the limiting emitter current / fy /t / 
design of a trigger circuit This circuit is of a form pecu flow without resultant at 
liarly suited to digital computers which use passive routing ‘ tion*. For this linear conditior 
As such, it is required to meet heavy and variable output 4 the stored charge 1 impty 
loads, and to present a low output impedance The pf proportional to the product of 
present design parallels the trigger circuit of a companion ’ (rate of carrier flow across the 
article, where saturation is not permitted The saturated ’ n ; base) and (average transit time) 
version is able to meet its specification in all important aa t The rate of flow is defined b 
respects, and has the advantage of reduced component I; the transit time, Ty, by the 
costs and of lower power consumption > inverse of the cut-off frequency 
Any conducting transistor stores carriers. For the alloy Fig. 1. The circuit expressed in radians 
P 2 7 : used to study carrier lhe storage ftactor VU for a nor 
types, which are the most suitable for switching purposes, storage in a pmp tran he brates 
storage exists only in the base region. The process of — mecca aape ere 
turning the transistor off consists in removing this base berms of Dase current, ! “5 
‘ O K &, Ty ly coulombs 1) 
charge. Thus a study of turn-off time requires that the ” : 
charge storage be evaluated, and that charge removal pro where K is a constant of 7*taan alaty 
cesses be considered 7 (taken as unity in this article 
lf. now, R is increased while the base curret held 
The theoretical part of the article commences with a pate Me ECE a lil , , 
constant he transistor will eventuall saturate 4 
comparison of the small signal storage of alloy junction remain saturated for all emitte irrents / ich that 
transistors under linear*, and under saturated, conditior j j we j ] 
This results in the concept of controlled saturation; a Vie chases staeeee euiias setented caitlin & 
principle which provides a simple method of assessment be determined from an expression oped ia As ad 
and control of carrier storage. It is then demonstrated  , lhis 
experimentally that the theory may be extended to large . rq j ] 
signal conditions for transistors of the class designed for QO. ™~ K a oe } 
switching operation 
The theoretical study concludes by showing that a major 
fraction of the stored carriers may be eliminated from 
a saturated transistor as rapidly as from its linear counter The solution involves a knowledge of the nor 
part. A simple expression for this ‘first order’ turn-off '™€" ind 7, and a 2 © verses parame 
time is then developed, which is applicable whether the ind / 
transistor is saturated or not 4 circuit technique which 
leads to minimum turn-off time is given ; i ‘all sefir 4 
Research B | ( , f , , a 7 “ - 4 m ¥ 
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INFLUENCE OF SATURATION ON CHARGE 
STANT BASE CURRENT (SMALI 


STORAGE FOR CON- 
SIGNAL CONDITIONS) 

\ first step in an assessment of the influence of satura- 
tion on turn-off time is a comparison of the stored charge 
under saturation with the value associated with linear opera- 
tion. The storage ratio is given by dividing equation (7b) 

equation (la), using the same base current in each. It 
is permissible to equalize the linear and saturated base 
currents in this way, for it will be shown that then both 
circuit forms have very similar properties, and can perform 


similar duties. The ratio of charge storages thus obtained 
1s 
O jn (1 —n) (74/7 n) (1 — 9) iS 
| (/c) 
O ; 
where !.s)/le, the fraction of maximum emitter load 
current which is actually drawn 
When » is equal to unity, the circuit lies at the boundary 


condition between saturated and non-saturated states. Then 
the fraction vanishes, and QO, Q, as might be expected 
Thus, at maximum emitter current, there is no additional 
Sslorage 

[he behaviour of the storage with emitter current in the 
transistor may be obtained by 


This vields 
0) 
OQ |} l ) 
————— } ] 
/ a | a 


Tr 
will diminish as the 


saturated differentiating 


equation (7c) 
(Sa) 
ind 

the storage 
diminishes 


It will be noticed that the conditional equation (9) in- 
volves the ratio of two time-constants 


magnitude of /, 


These are the con- 
ventional grounded emitter time-constant £, 7,, and the 
corresponding time-constant (£, 7; which arises from in- 
verted use. An insight into the relationship between these 
time-constants is given readily. A symmetrical transistor 
must, by definition, have equal time-constants, and there- 
fore its storage is completely unchanged under saturated 
operation 

Most transistors are asymmetrical, geometrical changes 
being made in the emitter and collector areas in order to 
improve the forward (or normal) characteristics. Tests 
on ten allov junction transistors (Table 1) show that as a 
result of these geometrical changes the normal time-con- 
stant is increased at the expense of the inverted time-con- 
stant. It seems plausible to expect that all alloy tran- 
sistors will obey the same physical laws Then, only 
symmetrical transistors will generate the boundary condi- 


TABLE 1 


The Parameter {j7i/Bn7n for GE 2N123 Transistors 
(Tal ae +] 2V) 


F 2 

















SAMPLI NORMAL INVERSE | 6i7] | 9nTn 3i7) 
NO PARAMETERS PARAMETERS § | (uS€C)| (uSeC)| 8n Tp 
on Tn 8 Ti 
(10°) (10°*) 

§3 88-5 31-2 19 76 1:44 2-86) 0-5 
341 59-5 32 12 120 1:44, 19 0-76 
269 70 24-8 146 82 1:20 | 1-74) 0-69 
439 62 30 8-4 136°5 1-15 1-86 | 0°62 
107 115 28 11-5 120 1-38 3-2 0-43 
203 91 27-4 10-8 76 0-82 | 2:5 0-35 
175 89 28°6 11-5 125 1-44 | 2°55 | 0°57 
359 66 39-9 9-75 12 1:17 | 2-61 | 0-45 
182 61 36°4 9-1 108 0-98 | 2:21 0-44 
253 98-5 24:1 11-5 76 0-87 | 2-38 | 0-37 
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tion: hence all others must exhibit less under 


Saturation 


storage 


The results of the preceding analysis may be stated for 
mally as follows 


The storage in a non-saturated transistor is given Dy 
the product of the base current and the grounded 
emitter time-constant. If, moreover, the grounded- 
emitter time-constant of the inverted transistor is less 
than the corresponding normal value, thenshe storage 
in saturation (for the same base current) will be less 
than the non-saturated value. 


The corollary of this statement defines the concept of 
controlled saturation. It is: 

The value of the base current of a transistor sets the 
maximum stored charge which can exist. If the time- 
constants are related as, shown above, the maximum 
storage will occur only in the non-saturated State 

Thus, control of base current yields controlled satura- 
tion and, all other things being equal, should yield a turn- 
off time which never exceeds, and should be usually less, 
than that of its linear counterpart. Since it has been sug- 
gested that both circuits can perform similar duties, the 
presence of saturation appears advantageous! Whether 
or not this conclusion is true will depend on the manner 
in which saturation influences carrier removal—a subject 
to be treated later 
UNDER LARGE SIGNAL CONDITIONS 

The circuits of Part 2 involve saturation under large 
signal conditions. The storage equations then become non- 
linear, since the parameters are themselves dependent on 
current magnitudes. The equations must then be evaluated 
for the parameter values relating to a chosen current range, 
and taken on selected samples. Since the labour of making 
such measurements is great (see Appendices 1 and 2 for 
details) conclusions must rest on a limited selection of 
samples supported by practical circuit performance. 

Three samples, among the ten listed, were selected for 
detailed large signal study. Of these, sample 53 displays 
rather average characteristics. In particular the ratio of 
the key time-constants @; 7;/8, T, is typical. Sample 341 
was selected as having a time-constant ratio most likely to 
result in a storage increase with saturation; and sample 
203 was chosen as the least likely to have a storage increase. 

Storages were calculated and measured for each sample 
at a base current of 1-2mA; with a maximum emitter cur- 
rent (corresponding to linear operation), and also under 
saturated conditions with emitter currents of 21, 10, and 
SmA. The saturated conditions correspond closely to the 
practical requirements of Part 2 

Details of the calculations are given in Appendix 1, and 
the method of measuring the storage is discussed in the 
section on the technique of carrier clearance. In this sec- 
tion discussion is limited to the results, which are given 
in Table 2. 

It is seen from Table 2 that the measured storages give 
satisfactory support to the mathematical theory. Samples 
203 and 53 show a considerable storage reduction under 
saturation, while the worst sample, 341, maintains a rela- 
tively constant storage. There is a possibility that a few 
samples may exhibit a slight storage increase in large signal 
saturation: but as engineering requirements are satisfied 
by a relatively approximate storage figure, this is not of 
practical significance. Circuit experience based on some 
30 transistors indicates that the concept of controlled 
saturation remains valid for design purposes. 

The inverse characteristics are relatively insensitive to 
operating conditions; and because of this, any transistor 
whose forward characteristics are maintained at high 
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TABLE 2 


Large Signal Storages 


L*t2mA, /br 20mA) 














TRANS- O(.) » 10° Ol.) « 10 
ISTOR Lf 1.) OL) O COULOMR COULOMB 
NO / mA) ALCULA (CALCULA (MEASURED)"* 
TED) TED)" 
+3 50 | 5.0 4.13 
0.473 19 0.55 > 72 706 
0.188 9.42 0.48 > 39 2 30 
0.098 44] 0.49 > 46 2.04 
>/\2 
205 I ea | 4.12 3.) 
0.41 21.2 0.45 1. 1.89 
U.1a ).42 0.39 163 175 
0.086 44] 0.35 1 43 1.82 
$4 22 ¢ ] ] 4s 1.92 
0) ¢ 14 ’ , 1.05 | “45 ] 7 
0.28 ) 4? 11? 0 ? 02 
0.13 4.4] 1.12 7 06 1.88 
I 
B { O 
I \ ‘ 
current should be acceptable for saturated use I ransistors 


designed for switching operation fall into this class 
[he parameters used in the calculations were those which 
relate to zero collector voltage (as the theory requires), and 


values. Such parameters are 
Experience that little 


thodox small signal para 


heft 


the betas were’ direct current 


1wonvenient tO measure Snows 


error 1s caused by substituting 





' ] ] , 
meters taken at low collector (say 2V) The for 
vard parameters are sufficient for engineering purposes 





and transistor acceptability may be based on their values 
it the highest emitter current It is common for the maker 
ot switching transistors to supply this data, so that the 
engineer may assess his transistors for saturated use with 
out the need to make further measurements 
CONTROL OF SATURATION BY BASE INPUT CHAR 

The preceding work has established a iximu Stead 
State storage relating to a maintained base current. If the 
pase irrent should be interrupted at a time f¢, such that 
the inpul charge g 1s less than the saturated storage QO 
that is 

0 q | J d 

then, in fact, the storage will be limited to g 

[he principle is tilustrated in Fig. 2 by a circuit which 
will be used in Part 2. Here a capacitor defines the input 
charge, in terms of the applied voltage step. The collector 
of the transistor is able to deliver a considerable current 
and an enhanced charge to the external circuit. Under 
linear conditions it 1s shown in Appendix | of Part 2 that 


/. is given by the expression 


T, \e t I e 


(13a) 


lO 


a ; r¢ 
delivered by the collector is 

0. ~q 
[These equations may be 
100pI 


ind the ch irge QO 
(14) 


illustrated by application of a 


6V step via to a transistor whose characteristics 


10042: G 70: 7 2-5 
io *< 


10 


which gives rise to about 


’ r see 


The input charge is 6 


4:2 10-° C at the collector The collector current rises 
to 24mA in 10-‘sec, and this current decays with a time 
constant of 1-75 10-°sec. Attention is drawn to the 


large collector current, to its rapid rise, and to its subse- 
quent slow decay. 
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Removal of Stored Charge 


Stored charge in a transistor may be removed by appli 


cation of a reverse base current The carrier elimination 


> " | 1Y > ] " hh / ; 
process which results may be idealized by dividing it ) 
three separate phases During the first phase the tra 
Sistor behaves as i passive element ind the charge 
climinated though ored in capacitor At the end 
yf this phase i j ty yf the charge has been diss [ ited 
There follows a cond phase n whic tf climinate 
ot carriers 18 controtied b he transistor paramete! rathe 
than tf Dase rren [his phase is associated with 
in exponential cl re dissipation .% e-constant / | 
is sul tially completed after a few time- tant Fo 
anv ni > ; . yf ' yf} . lered 
i ily pul) { } Ovcess Ol iT ( i C4 1c ( 
iS compicte t I 1 Ol tf second 
I > r { ' ' : ' { 
c on ol pe ( nerer \ i 
non-ana tical On 
phase ‘ 
sma idual orag ; 
- > 
1S diss pated c ! s 
ov it - 
pnase Cc pic oO 4L00% 
‘ 6 
time ti I pre ‘ 
phases 
ot big 2 ( ontrolled 
While all p saturation by con 
exist. vhetl P he t trolled imput charye 
sistol sturated 
} } i pt ' ' 
( | ) oO t 
n ! a Oo ( l 
str ‘ o t 
PHASI REVERSE B ( URRI Source | 1 D 
Th I i} | ya sistor , 
obe Kirchhotl \ ) t narge jeu t 
ne ¢ ! [ ited itt i departure « 4 


C ent tow Ss I e l 1 colecto ) i 
sensid ted to < C flow Si red 
harg S nm C i tol th 
charg cted t t ] cnarg 0 
ninorit i I , i) mpi 
remover 
O ae 

[he | p I ol C i erized I enc 
ol i ict ’ | tre V ) CT [ 4 . I I 
vhich i e€ injected h i Tt 1 py im 
pedances extrinsic to the transisto I} Da ) é ; 
resistance vhich sually treated S ext ! eg! 
gible a he isual currents nvo ~“d ind al ott il 
pedancs f significance are in the externa ircul and ) 
can be trolled the designe The mechanism by 
which the nsistor ca accept unl ed ( rent 
is follow 

At the instant of turn of! i i finite carrier den 
sil it U Da yitter b sund Y Ol if i tor ind 
for a Sat ited transistor, a he collector boundar ilSso 
The tran tor cannot estrict Dase current til the 
density at these boundaries has been reduced to zero. Th 
initial situation soon gives way to a state in which the 
maximum base current is limited by the carrier density 
gradients at both collector and emitter. Phase | ends when 


the sum of ejected currents due to these gradients is le 
than the avail | 


iilable reverse base current 


Ir now ” ner du ’ mbination 
ninor , } uw the rate f haree elimi 
natior ; , } } " re f € urrent n 

e j ” ad 1 nd rder eflect 
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In a practical situation the maximum available base 
current is limited by its source. If, as is quite usual, its 
magnitude is constant during phase |, the time taken to 


leave the phase is 

t QO,/1 (15a) 
where Q; 1s the portion of stored charge removed in the 
first phase 
At the end of phase | both the emitter and collector ter 
minals will assume reverse potentials, since the transistor 
can no longer absorb the available base current 


Open circuit 


+ = 4 
‘ 
Reverse bose Exit paths 
current [ through diodes 
} , 
= |b 


Open circuit 


Fig. 3. Exit paths for reverse current aid rapid carrier clearing 
A 8 
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TIME (usec) 


Fig. 4. Emitter. collector currents and base voltage during turn off 
, / )4mA 1 l-2mA / mA 


that both collector and emitter may act effi 


is collectors during the first phase, it is desirable 
a low impedance path be provided at each of these 


Diodes, provide 


In order 
ciently 
inal 
added as shown in 


electrodes } ig 3. 


Suitable exits 


In the measurement of carrier storage the circuit of 
Fig. | was essentially converted to Fig. 3 during turn off 
(The full test circuit is shown in Appendix 2.) A reverse 


base current of 20mA was employed An example of the 
The first phase continues 
and almost constant 
During this time the full 20mA is 
The components of current leaving 
the emitter measured by the 
small resistors (242) in series with the diodes 
sum is always 20mA during this phase, but their 
relative instantaneous amplitudes are a function of », of 
time, and of the relative external impedances in the emitter 
ind collector exit paths 


wavelorms 1S 
1o A 


voltage on 


given in Fig. 4 


and is characterized by a low 
the base 
accepted by the base 
by the collector and were 
insertion ol 


The 


PHASE REVERSE BASE CURRENT TRANSISTOR LIMITED 
The end of the first phase occurs when the base 
unclamps,’ for then the base current is limited by the 


transistor itself. In the second phase, the elimination of 


carriers proceeds at the limiting rate for cut-off from the 


linear region: current is eliminated from the collector and 
decavs with a time-constant associated with 7, and from 
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latter 


[he 


the emitter with the longer time-constant / 
component is usually relatively unimportant 

Since phase 2 commences with a 
equal to /Jp;, and since this diminishes exponentially with 
a time-constant in which 7, is predominant, the fraction 
of charge eliminated in this second phase is in the order 
ol 


rate of elimination 


O.~ !1 (16) 


ns 


| e r, dt yy 7 eoevece 


+ 


Normally the collector current terminates last: it will fall 

to 10 per cent of /», in about 2-3 time-constants. The second 

phase may therefore be assumed to be completed in a time 
t 2:3 7 (17) 

it is shown in Fig. 4 as the time interval from A to B 

A First ORDER EQUATION FOR TURN OF! 

At the end of phase 2 
has been eliminated, and for much circuit work the tran- 
sistor may be regarded as being in a cut-off state. It 1s 
therefore appropriate to assess a turn-off time 7, in 
of these two phases alone 
Since 


a majority of the stored charge 


terms 


Q:.~92:+@Q 
and from equation (16) Q2 ~ Ir» T; 
ai~Q Tyr 7 
By use of equations (15a) and (17), 
phases | and 2 is given as 


the turn-off time for 


Tswhth~t 2°37 
Hence 
y. — lr I 
i.= t + 2:37 (18) 
Tor 
Equation (18) may be expressed entirely in terms of the 


transistor parameters 8,7, and J». According to the prin- 
ciple of controlled saturation, equation (la) defines an 
upper bound for Q,. When this upper bound is substituted 
in equation (18) a maximum value for 7 Then 
T's < Ta [Bn (lp / Tor) 1-3] (19) 
Equation (19) has been applied to the three test con 
ditions for each sample (Table 2). The 
of 7, always slightly exceed the observed turn-off time as 
they should. As an example, results on sample 20 
quoted for the following operating condition 
/ 9-42mA; / 1-2mA; / 20mA 
[he parameters were 7 4:7 x 10 65 and the cal 
culated value of 7 0-25 usec time may 
be compared with Fig. 4 which relates to the same operat 
ing conditions 


will result 


calculated values 


3 will be 


The calculated 


In practical design the switching resolution may be made 
equal to 7,, provided the small 
residual which continue in phase 3 next 
section). This can often be arranged. Then equation (19) 
becomes a key relationship since it determines the turn-off 
time in terms of the three major design criteria: the maxi- 
mum permissible emitter current /)£,; the available reverse 
base current /},; and the normal alpha cut-off 
cept will be employed in Part 2 


circuit can tolerate the 


currents (see 


This con 


RESIDUAL STORAGE 

Certain transistors may exhibit a third phase, particularly 
after saturation 
there may yet remain a collector current, of a few per cent 
of the original saturated emitter current, which diminishes 
over a period which may be several times 7;. The analytical 
treatment of this third phase appears to present great diffi- 
culty. and it is not attempted here. 

The sample used for illustration in Fig. 4 shows such 
a phase 3 collector current, in the region to the right of B 
All three samples were observed, under each test condition, 
for the residual current at O-3usec after the 


PHASE 3 


At the end of the first and second phases 


initiation of 
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The ¥ 





marked 





turn off limit value of all observations 1s 
in Fig. 4 

If, in practical design, a resolution of 7, is required, the 
circuit must be such that these small residual currents may 


be tolerated. 


APPENDIX | 


THE CALCULATION OF MINORITY CARRIER STORAGI 

When a transistor operates in a linear manner, the collec 
tor current which flows can be expressed in terms of a 
minority carrier gradient which exists in the base region 
Since the presence of such a gradient implies stored charge, 
it follows that any conducting transistor exhibits storage 
The storage can be computed from a knowledge of tran 
sistor geometry, of diffusion constant, and of base width 

It a simplified geometry in order to 
ease the mathematical problems, hence this analysis will 
Furthermore, when 


is usual to employ 
be based on a one-dimensional model 
the lifetime of carriers in the base region is much longer 
than the average carrier transit time, the gradient is linear 
it will be further that minority lifetimes 
are negligible in the emitter and collector regions, so that 
no storage can exist therein. The assumptions of concern 
to carrier lifetimes are well approximated by modern alloy 
type that 
simplification yields results of acceptable accuracy. 


assumed carrier 


transistors: experience shows the geometrical 
For a pnp transistor the storage is in the form of holes 
For non-saturated operation, conditions are as illustrated 
in Fig. Al, (1). When the required integration has 
been performed the storage is given as 
QO Ki.7 
represents charge storage associated 
with a collector current /.,. The diffusion constant and base 
width been absorbed into K 7 1 the 
inverse of the alpha cut-off frequency, expressed in radians 
sec, and K 
If the transistor is inverted, so that the electrode previ 


curve 


(1) 


In this expression Q 


have where is 


is a constant 


ously employed as the collector is now used as the emitter, 


the carrier population arranges itself shown by curve 


(2) of Fig. Al a corresponding equation to 
(1) which ts 


a 


There is now 


r 5 


) 


O Ky ley I 
where 7; is given by use of the alpha cut-off for inverted 
connexion 

[he constants 


K and K 


ey ale Caled as eing equa c 
They are treated being equal in the 


of equations (1) and (2) have 


values near unity 


analysis which follows, and are evaluated as unity in the 
concluding stages 

It has been shown by Ebers and Moll*® that when the 
transistor is in a saturated state both forward and inverse 


Then, both the collector and the emitter 
may be considered to inject and collect minority carriers 
simultaneously. The resultant storage Q, is shown by curve 
(3) and may be obtained by linear superposition of curves 
(1) and (2). Thus 


conduction exists 


O O OQ 
and from equations (1) and (2) 
OQ. = K Wee Ts + lal 


The storage can be evaluated from equation (3) if the 
terms /., and /., can be expressed in terms of the terminal 
currents /,, 7. and J». This is done in the equations which 


(3) 


follow, where the sign conventions are those shown in Fig 
A2 


‘ ‘ fee | (4a) 
I=! he } 

; ‘ an be (4b) 
/ ri ter J 
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where and ire the forward and inverse values O! 
From equations (4a) and (4b) 
/ l 
/ 
| 
e / 
and / 
l 
By substitution of equations (Sa). (Sb) into equation (5 
/ (/ /.) ia U / 
) K (6) 
‘ | 
In the body of the irticle, slorage 1S required in terms ol 
emitter and base currents rather than emitter and collector 
currents as in equation (6). The substitution 
/ / / 
in equation (6) yields the required form 
I. {7 (] ) ] (1 / (/ I) 
O K 
l 
(7) 
The expression, equation (7 iy be given greater 


physical significance if it 1s expressed in terms Of grounded 


emitter gains and instead of the grounded base gain 
he — 
a> x es 
wre 
zo (1) 
az 
aw = 
ga 
(2). 
— » 
c- - ae 
Fic. Al. Carrier gradient in the base of a transistor 
1, =r -f o- _ J 
1 > dente + / 
Fig. Al. The transistor terminal currents and the forward components 
(/) and reverse components ( 
and [his may be done as follows 
Divide both numerator and denominator by (1 sé 
that equation (7) becomes 
/ (| ) 
i] i ) / (/ I) 
] (| ) 
O./K 
“s | (| 
Then divide throughout by 
i, \ 
ee ) 1, Bid (7 
/ 
(| } ( 
/ ] ] 
/ 
be Ba Taf 1 } Ip Bu Tn ( 4 
\ ] \ ] 
( ) { ) | 
(7a) 
where, as is usual, > | 
] (T/T x) | —(3\7 / 2 : 
O.~ K ] ] / | . (7b) 
I ( ) j 
Equations (7) may be used to study the charge storage 
as /, is varied, with base current as a fixed parameter. Thus, 
from equation (7b) 
dO ] ] 
1/K | (R 
dl 
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ind the storage will diminish as /, is diminished if 


37 
l (9) 
of 
NOTES ON THE MEASUREMENT OF CARRIER STORAGE 


, , , 
Determination of the Paramete rs and Caiculation of 


Sforage 
According to the theoretical model used for Appendix 1, 
parameters IT, and 7; are required at zero 
The alphas should also be d.c 


the four 


collector voltage values 


The J 
since the parameters are current dependent. 


curves must be plotted as a function of current 


The derivation of the } curves is shown in Fig. A3, 
here plotted, rather than x. First the values are 
(a) 
(b) 
7.) 


ve , ; 44=2 ane 7mA 7 le t) 
r - 
Be | | j=ama 
ai ° Ab ATms 


A 
- 20mA t 
Bo a | 34 St Se 4 20mA 
a o 30mA 
m 7 iy +— 3OMA . iWaeS 
m |B a uv eee 
60}—+— = = 3 lew 
-—~ Ad 
f 422mA 
x i 2 44 7mA 
: Shin — 28m 
te $F FF 2.7 or 2OMA i 
C 2 3 4 ( 7 
Juv. 1) 
(c 
RB *-~-* a 
710 T ie, ~ fi (a) Sean 
a A f(A <a 
6 j tt 3 . ‘ 
v) co | 
« + u a + 
> -@ + -e- fa ( , 
¢ — + -- | : ie — ee 
Bot) | 
oO - 4 oO it 
4 8 12 16 20 24 28 Oo 4 8 12 6 20 
T.(7) or I(f)mA I,(f) or I.(f)mA 
Fig \3. Parameters of GE 2N123 sample 203 for saturated operation 
I 
plotted against V. with /.* as a parameter [(a) in the 
Figure The zero voltage intercepts then allow the curves 
(c) to be drawn tor } 0. Similarly the a cut-off curves 
ire plotted, this time against VV. [curve (b)]. Theory 
hows that for small collector voltages such a plot will give 
1 Straight line. Extrapolation of the curves to zero collec- 


b 


tor voltage gives the required » cut-off curves (d) 
[he carrier storage in saturation is calculated by means 
of equation (6) Appendix 1, which requires a knowledge 


f 7. and /,, together with the four parameters plotted. The 


particular value of each parameter must agree with the 
operating conditions, and the relationship is first established 
by successive approximation in equations (Sa) and (5b) 

1 


Many measurements involved in the calculation of 
charge storage, and the manner in which small errors com- 
bine (6) makes it difficult to calculate the 
storage with precision. It is for this reason that the results 


of such calculations shown in Table 2 are quoted with an 


are 


In equation 


accuracy of +20 per cent 
* Je Ie(f) for a non-saturated transistor in normal connex d 
le Jcit) whe the transistor 1s vert j 
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Circuit used to measure Storage 

[he circuit shown in Fig. A4 was use to study storage 
under the three defined test conditions described in 
Part I. Because of the small times involved in phase 
1 of turn off, a rapid application of the reverse cur- 
rent was required. A Western Electric mercury wetted 


relay, mounted in a coaxial 
switching time of less than 
developed 
measured by means of a wide band oscillograph 

In order to maintain the resolution offered by. the switch, 
oscillograph cables were correctly terminated at both ends 
The diodes D,; to D, are so placed in the circuit that tran- 
sient effects in them do not disturb the measurements 


to make 





system, is known’ to give a 
10~"sec The circuit was 
use of such a switch. Currents were 


+6V 
] = 
ee 
“7 $482 





¢ 
o——» Terminated cabie 
to oscillograph 


R 
” (A { 
|} PSkQ POOBp a 
— YU, 
— o—wy 0 -15V 
ri? y~ | ors 
$4600 o—= Terminated cabie 
> ? 2R; to oscillograph 
R, 220kQ & $166k 48 
? $ < 
472 a 
C $ a + 
H+, Ww tute 30\ 
O-SuF ¢——9——@ 
} > WE oe O Sul 
> COlMF ex [relay ly 
R,>12kQ } 9 J > 
< 2 
Ssood Reoika 
< 
-—_—_——_—+t+ — « 
= Sync 
SO suF son 
I _ 
= ¢ 
7 = -60V 
Fig. A4. Circuit for studying carrier clearing 
Re R, R, and R, ar usted t et the thr ndit 
/ . ’ n, namely I i8mA, 1 1-12” 


All voltages applied to the circuit were sufficiently large 
to allow 
as though generated by constant current sources 


The 
open) 
A 


static conditions 


currents to be treated (to a fir 


pective of load 


constant voltage of 
current in terms of Ra, 


collector 


terms 


ol 


R». 


determine the first order 


st approximation) 


are set as follows (W.E Relay 


60V supply holds diode D; clamped at all times irres- 


The point a is thus maintained at sensibly 


These 


30V, which determines the transistor 
and the base current in 
two resistors, therefore, suffice to 
static conditions. 


A resistor R:, also connected to the base, has its remote 
end maintained at ground potential by diode D,, which is 


held clamped by current in Rs. 


small current in R; 


The 


must be included in the base current and it has been treated 
as a correction factor. 


Closure of the relay grounds point A, 
30V by. means of the coupling capacitor C 
now injects a reverse base current of 20mA into the 


B to 


R 


transistor. 


and raises point 
Resistor 


At this time the original base current has been 
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stopped since the voltage across R» is close to zero, and 
the current in Rs has ceased for the same reason. 

Current leaving the collector and emitter now flows into 
the terminated cables until the transistor cuts off. When 
cut off is complete diodes D,; and D» conduct These 
diodes are added merely to safeguard the transistor from 
destructive voltages 

It was required to study both the instantaneous emitter 
and collector current values, and their integrals over the 
whole turn-off operation. For this reason the circuit is 
arranged to give the currents directly The current wave- 
forms were photographed (Fig. 4, Part | is an example) and 
then graphical integration was employed to determine the 
net storage (Table 2, Part 1) 


A 16mm Telerecorder 


In recent years telerecording has advanced from a 
position of relative obscurity in the sphere of production 
technique io one of considerable importance. Nowadays, 
no television production centre is complete without equip 
ment which will record complete programmes with con- 
sistently good quality results, and is simple in operation. 

The latest product of High-Definition Films Ltd, Tele- 
recorder type HD.800, is designed to fulfil these require- 
ments. The equipment is self-contained, requiring only a 
composite video signal, a sound signal and 200-240V single- 
phase a.c. mains. Vision and sound are recorded simul- 
taneously, the vision on 16mm double or single-perforated 
film, and sound on 16mm single-perforated magnetic film 
the capacity of each being 2 500ft giving a total continuous 
running time of just over one hour. Provision is made for 
recording any C.C.I.R. or O.LR. standard signal, and the 
equipment is suitable for one man operation. 

All the electronic units are constructed on standard 19in 
rack mounting panels, which are arranged either in enclosed 
cubicles or on the control console. Access to the cubicles 
is provided by full length swing doors, front and rear, and 
the two large cubicles are fitted with extractor fans. The 
necessary test equipment is provided as an integral part of 
the design. This comprises a large-screen double-beam oscil- 
loscope, a grey scale generator and a brightness measuring 
meter. A switching panel, in conjunction with the oscillo- 
scope, enables the operator to examine the video signal at 
various stages in the unit. and also to check the locally 
generated pulses. 

The displayed picture is focused on to the film which 
runs in a camera having a pull-down period of 15°. On 
50c/S mains operation, this represents a time of 1:66msec, 
hence the film is stationary, and recording picture informa- 
tion for 38-34msec. Therefore, virtually a complete inter- 
laced raster is recorded on each frame of film. It is neces- 
sary that the camera and the displayed picture should be in 
phase, and this is provided for by rotating the camera 
motor stator by the desired amount with a hand control 
Visual indication of the correct condition is given on the 
displayed picture in the form of a thin horizontal bright 
line which can be moved until it is just out of the recorded 
area. A phase locking system can be supplied as an optional 
extra enabling recordings to be made of television pictures 
having a frame frequency different from that of the a.c 
supply operating the recorder 

The camera is equipped with trip switches which ensure 
that the motor will not operate unless the film threading 
and loop tension is correct, the film take-up motor on, and 
the door closed. Film counters are provided operating in 
feet or metres as required 

The flexibility of the electronic circuits enables recordings 
to be made in three modes: 


(1) Exposure of film to a positive displayed picture: 
development of the film yielding a negative, and 
printing of this negative to produce a positive image 

(2) Exposure of film to a negative displayed picture: 
development of the film yielding a positive image. 
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[he size of the photographs and the nature of the wave 
forms made accurate integration difficult. For this reasor 
an accuracy ol 20 per cent is believed realistic for the 


charge storage measurements 
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ture; development of the film yielding a positive 
image 

A video high-frequency 

variable boost 

the range | to 10Mc/s 


circuit and the 


boost unit is provided, giving a 
15dB at any fixed frequency in 
This uses a transmission 
circuit arrangement is 


from O to 
line asa 
that 


element, such 





The telerecording equipment 


phase distortion is inherently zero. The line structure of the 
displayed picture is eliminated by use of spot wobble 

A flywheel synchronizing unit can be supplied for the 
regeneration of horizontal synchronizing pulses when using 
signals emanating from a distant source. Space Is avail 
able in the standard equipment for this and for the phase 
locking unit already menuoned 

The sound recorder is similar in specification with those 
used in broadcasting, all the facilities associated with such 
machines being provided. Either fully-coated or 0O-lin 
striped stock may be used, the location of the track being 
in accordance with the relevant S.M.P.T.E. Standard. Exact 
synchronization between sound recorder and camera 
including run-up and run-down, is achieved by driving the 
sound recorder from the camera using a Selsyn motor link 

The sound recorder can also be driven separately by its 
own synchronous motor, or by its own Selsyn motor con 
trolled by another Selsyn motor connected to other equip 
ment. Hence a local telecine machine to which a suitable 
Selsyn motor has been attached will run in synchronism 
with the recorder, and for re-transmission and monitoring 
purposes it is unnecessary to produce a married print, or 
run double-headed. Switching is provided to convert the 
sound recorder to run in this condition 
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A Cine-theodolite Control System Used on 
Guided Missile Ranges 


By R. J. Garvey*, B.Sc 


C ne-Theoe les are used te letermine the trajectory and velocti Of experimental guided missiles 


wnber of them being disper sed on the range and operated by a central controtier This controller 


»yperates the cine-theodolite shutters and triggers flash lamps which expose the theodolite bearing 
and elevation readings on the cine film 
The lamps are flashed synchronously; the interval! between flashes being 200mse 100usec. Shutter 
operations ar ncehronized to ithin lmsec T he se limits corre spond to + 1ft in determining th 
missile trajectory and +01 pel ent of the velocity. 


‘Spor THEODOLITES are used to determine the Cine-Theodolite Camera Mechanism 


trajectory and velocity of experimental guided missiles The cine-theodolite has 2 shutter mechanism as shown 
4 number of them are dispersed on the test range and by Fig. 3. Shutter vanes are turned through 180 for each 
controlled over land lines from a common station. The exposure by a gear sector engaged with pinions on each 


ine-theodolite, made by the Askanion Co. and shown by 
Fig 


(a) A theodolite which can be trained in bearing and 


consists essentially of 


elevation by an operator tracking a missile through a \ } 

' 60cm TELEPHOTO 
sighting telescope or binoculars; LENS 
(b) A cine-camera, normally operated at the rate of 


5 frames per second 
\ precise record of the orientation of the theodolite axis 
is exposed on each frame of the cine film by flashing small 
gas discharge lamps near the bearing and elevation scales; 
the scale images being projected on to the film by a simple 

SIGHTING SHUTTER 
optical system (this is not shown). A shutter exposes an ginocucars 

CULARS 

image of the missile on each frame with respect to the i 


theodolite axis so that corrections can be made for tracking ad } 
error when analysing the film. This tracking error is the i. } | 
angular displacement between the theodolite axis and the a f » 
true line of sight to the missile. A typical film record is : 
illustrated by Fig. 2: the cross hairs correspond to the j P 
theodolite axis. The scale shown can be read to within gS & . a 
10sec of arc 
Simultaneous bearing and elevation readings of two cine YN x , 
theodolites, placed at the extremities of a known base line, , ¢ wy \ 
give the position of the missile in space at that instant = eee oa Ky ia (| 
ind since successive readings are obtained at known time in, 
intervals, both the trajectory and velocity of the missile 





can be determined. The cine-theodolites havea limited range, 
it is therefore normal to employ a maximum of six to cover 7” A 35mm FILM 
the whole trajectory. Readings are then taken from those — ELEVATION j J zg) } 
cine-theodolites most suitably disposed to the part of the SCALE Pir 

<< og / 

— 


missile trajectory being plotted \ ttt?) 
The function of the control system is to operate the cine- sar ; 

theodolite flash lamps and shutters. Ideally the lamps of ¢ . 

each cine-theodolite should be triggered synchronously and * r= a 

at a regular rate. Asynchronization between the scale TRACKING 

exposures introduces an error in determining the trajec- HANDLE 

tory and hence the velocity, while an error in the repetition BASE PLATE 

rate has a direct effect om the velocity evaluation. The 

shutter exposures, showing the position of the missile 

referred to the theodolite axis, should also be made at the Sy 

same time as the lamps are flashed. This involves synchro- 

nizing the electro-mechanical operation of the shutters with 

the triggering of the gas discharge lamps. Tracking erro 

can be changing rapidly from frame to frame as shown on 

Fig. 2: asynchronization between the operation of the 


7 ‘ Fie. 1. G al arrange . . . 
shutter and scale lamps therefore gives an inaccurate record ig. 1. General arrangement of cine-theodolite 


ing of this error so that false corrections are made when 


vane. An electromagnet triggers the mechanism by releas- 
ing the gear sector so that it is pulled to the left or right 
R ti Establishmes by a spring. The wheel to which this spring is attached is 


analysing the film 
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BEARING FRAME No ELEVATION 


rn ec i ¢ i avoid 
dbiurred x posure ol i 
reading it Migh tracking i 
The circuit diagra ol 

flast ti hown Fig 

It cor ol i power p 

wi I IPptic the recessa 
higet iitag ind a tl tre 





. x9 - saath F 3 input pulse fires the thyratr 
@ q a y so that i | I ¢ ipacilor 
. r = t 





discharged through the lamj 
Fig. 2. Typical cime-theodolite film ind the thvratron extinguished 
A thermal delay switch pr¢ 
rotated through I80 after each exposure, thus cocking the tects the thyratron when the unit is first switched on b 
mechanism for the next Operation. An electric motor auto allowing the cathode to attain tt working temperatu! 
matically engages the wheel. cocks the shutter and winds before the { witched to the anode. The thyratron 
the film on one frame each time the shutter is triggered hydrogen filled and does not require a bias voltage. The 
\ rotary contact fitted to one of the vanes is made when flash lamps are filled with xenon, and were specially ma le 
the shutter is fully open; this provides a monitoring signal for the theodolites 
for synchronizing the operation of the shutter with that of 
the scale flash lamps 
¥ - 
The time taken for the shutter to operate depends on i| SV 
1 \ -_ 
ambient temperature, local voltage and the mechanical hh. NSH ; 
adjustment of the mechanism. Effects of voltage and tem KO " 
S 106 
perature on a particular mechanism are shown in Table | Y hee 
the time quoted is that for the shutter vanes to reach the Thermal Delay ; . 
' P Switch | 
fully open position after switching a voltage to the release ‘ af” eC 
magnet , | 
—} t 
TABLE 1 VWVV 30.45 
Msp, J 1OMQ | | 22kV 65 © (CV372 
TEMPERATURE OPERATING VOLTAGE OPERATING TIMI o | Sply 
(C.) (Vv) (Msec) 230v a PrP acd Input ri 7 ) 
er =a © am < es aad * < < 
20 42-5 roms ay | S af TS S$ KN a alle 
; F , 100K > j 
> 


i \F e 
; 4 

10 40 [PP . th ba ¢ 
0 38 = < 1OMQ2 
20 36 OMA 
40 34 ¢ Flash | 

Q 37 | Larnps 

12 35 | 

16 33 

20 31 +4 + 


Fig. 4. ¢ : 
The exposure time for each operation of the shutter is * irceit of Gash unit 
normally about 1Omsec 











Flash Unit General Description of Control System 

The flash unit operates two gas discharge lamps fitted A Sp/s operating signal ts supplied to the control system 
near the bearing and elevation scales of the cine-theodolite by the range central timer’. This consists of a 10kc/s oscil 
These give a high intensity flash of short duration so that a lator and frequency dividing circuits which supply timing 
record of bearing and elevation is exposed on each frame and reference signals to the various measuring and record 
of the cine-theodolite film. A short duration flash of about ing instruments on the range; it functions as a separate 


Fig. 3. Cine-theodolite shutter mechanism 





ROTARY CONTACT FITTED TO PINION SHUTTER VANE CONTACT ROTOR SHUTTER VANES SHOWN 
CENTRE SHUTTER VANE \ f / FULLY OPEN 
“heehee eee s 1, Teall LAddddbs " 
+ + { } a r ~ J t+ » °C Oe > 
— ——. \ " T . 28 . 
r nA i ash ( — 
FY lbodt > If 1] ) 
Sa EReEEEEeeeeeeeeee ea it | y ) 
CONTACT SPRINGS d| Sil | er i 
| }| & ee = : 
+d) | | YIM 
All be Fy 
COCKING WHEEL |] \ 
ARMATURE ELECTRO- 
MAGNET L 
U RELEASE } AR SECTOR 
J| ~PIN ——— 
} it 7 4ne' 
iP ; 
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Fig. 5. The cine-theodolite control system 
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equipment. The control system is triggered from the range 
timer rather than with a separate oscillator so that cine- 
theodolite data can be related in time to that obtained by 
other range instruments. 

Referring to the schematic diagram of Fig 
signal from the timer goes via separate variable 
circuits to each cine-theodolite shutter mechanism and via 
a common delay circuit to all the remote flash units. The 
variable delay circuits adjusted that the output 
pulse is sufficiently in advance of the common flash pulse 
for the shutter to be passing through their mid 
position as the scale lamps flash. The rotary contacts fitted 
to the shutters are closed when the vanes are in the mid- 
position and synchronization is effected by adjusting the 
variable delays until the shutter return pulses provided by 
these contacts are each in phase with the common flash 
pulse as seen on a double beam c.r.o. The time-base of the 
c.r.o. is triggered by pulses fiom the pulse shaper which are 
100msec in advance of those displayed. Shutter return 
pulses are also recorded together with the flash pulse on 
a multi-channel recorder; this gives an overall check on the 
operation of the system. Pulses are transmitted to the 
remote stations via underground telephone cables where 
they are amplified and shaped by local 
amplifiers 

The pulse shaper, delay circuits, oscilloscope and recorder 
are assembled on a 6ft rack as shown by Fig. 6 

In operating the system each cine-theodolite is synchro- 
nized as necessary; the S5p/s signal from the range timer is 
then switched off in preparation for the actual run and the 
particular cine-theodolite and flash units that are to be used 
selected by closing appropriate switches on the central con- 
trol panel. The run commences when the Sp/s signal is 
gated from the range timer at zero time; that is when the 
missile is launched. To conserve film each cine-theodolite 
is switched off locally when tracking has ceased, while the 
controller is switched off automatically at the end of the 
run 


5: the 5p/s 


delay 


are so 


vanes b 


as necessary 
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Circuit Details with a diode. Output pulses are thus derived from the trail- 
Details of the control circuit are shown by Fig. 7. The ing edge of the flip-flop square waves and are displaced 
Sp’s signal from the range timer goes to a pulse shaper: from the input pulses by a time delay corresponding to 
this consists of a iriode amplifier biased beyond cut-off to the flip-flop action Time delays are varied by altering 
clip any low amplitude noise, followed by another ampli the value of the resistance connected to the grid of the 
fier stage and a flip-flop circuit. The flip-flop acts as a second valve of the flip-flop. A preset resistor permits 
quarer; the square wave output is differentiated and the — the fixed delay to be adjusted to 100msec; the other delays 
negative pulses removed with a diode. A crystal diode is 4" be varied from 50 to 100msec 
ised here to avoid the introduction of 50c/s ripple that The output of each variable delay circuit triggers the 
would result from the heater-cathode leakage of a _ cine-theodolite shutters; the pulses going to each remote 
thermionic valve. The diode connected to the input of the _ station via underground cables and a local amplifier. The 


flip-flop removes any negative component from the input 
while the -O02uF capacitor short-circuits high 


frequency noise picked up in the preceding stages of the 


signal any 
shaper circuit 

The shaped pulses go via a cathode-follower to a common 
fixed delay circuit and to variable delay circuits in each of 
the six output channels of the controller. The delay circuits 
consist, in each case, of a flip-flop; the output square waves 


of these are differentiated and the positive pulse removed 
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output of the fixed delay circuit goes to a cathode-follower 
in control channel end then via the underground 
cables and local amplifier to the remote flash units. Flash 
pulses from each control channel are in phase, while the 
shutter pulses can be varied to be from 0 to SOmsec in 
advance of the common flash pulses according to the delay 
of each shutter mechanism. The rotary. contacts on each 
shutter transmit return pulses via the underground cable to 


each 


an amplifier in each control channel. This consists ofa triode 
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implifier biased beyond cut-off to clip any low amplitude 
1oise followed by another amplifier stage and pulse 
widening flip-flop. The pulse widener operates a neon lamp 


which gi a useful indication by blacking out when the 


ves 


cine-theodolite shutter is operating [he shutter return 


pulse also goes to the recorder and via a selector switch 


I the moni 
Th 
independent ¢ 
h.t 

taken up in the preset or variable resistance controls 
that 
time delay be repeated for successive Operations to within 
100 It is, therefore, necessary to trigger the flip-flops 
with fast pulses and to ensure that there is no 50c 


Vv oring OSCLLOsco pe 


the 
ambient 


time ol 
0 | 


voltage 


e delay flip-flop circuits is relatively 
temperature the 
ind any drift due to valve ageing can be 


Apart 


given 


changes or ol 


Steady 
from slow changes, however, it 1s necessary a 
Sec 
S or 


transient voltage superimposed on the exponential voltage 


rise at the grid of the second valve. The flip-flops are 
accordingly triggered via the pulse shaper described and 
supplied with a well smoothed and stabilized h.t 


Local Amplifier 


lo ] 


This unit is installed local to the remote cine-theodolite 


and amplifies the pulses 
Fig. 8 
Shutter pulses go to a triode amplifier, biased to clip any 


from the controller. The circuit 1s 


detailed by 
low amplitude noise, a second amplifier and a pulse widen 
ing flip-flop. The flip-flop widens the pulse so that it is of 
A diode 
connected to the input of the flip-flop removes any negative 
the the ‘OO2uf 
high frequency noise picked up in the 
The output of the pulse 
a Siemens’ high speed relay 
in the anode circuit; this relay operates the shutter solenoid 
Relay B Post Office type 3 000 which has 
operating time of about 40msec: its function is to interrupt 
the inductive solenoid circuit before A releases and so pro 
tect the contacts of the high speed relay. The random varia 
tions in the operating time of a type 3 000 relay prohibit 
it being to switch the shutter solenoid directly. The 
balancer is switched in anti-phase with the relay valve to 
the load and thus prevent fluctuations in the h.t 
voltage. A push switch shown in the relay circuit is used 
for manual operation of the shutter mechanism 

Flash pulses go via a clipper and amplifier to a cathode 
follower which feeds the signal to the thyratron in the flash 
unit. The capacitor connected to the grid of the cathode 
tollower short-circuits any high frequency noise picked up 
in the preceding circuits and cable 

The rotary contact fitted to the shutter vanes earths the 
of a cathode follower so that pulses are transmitted 
telephone cable back to the controller 


sufficrent duration to operate the shutter solenoid 


component from signal while capacito! 


short-circuits any 
cable or preceding amplifier stages 
to a triode with 


widener goes 


is a relay 


an 


used 


equalize 


grid 
via the 


Line Installation 

Operating pulses are transmitted from the central con 
troller the cine-theodolites and flash units 
underground telephone cables. These are 20Ib, multi-core, 
lead sheathed cables; each pair of cores having the follow- 


to remote via 


ing characteristics 


Attenuation | to 2:SdB/ mile at frequencies 
of 1 to 10kc/s 

Characteristic Impedance 450 to 170 at frequencies of 
1 to 10ke/s 

Propogation Delay 1Qusec / mile 


The longest cable run on the range is about 4 miles and the 
corresponding delay of 40usec has no appreciable effect 
on the synchronous operation of the cine-theodolite shutters 
and flash lamps 

The multi-core cables carry speech signals and other 
transmissions in addition to the cine-theodolite pulses. All 
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signals a carried Over twisted pat yf e vhich a 
terminated in inslo » that igna ind Ts i 
balanced about eartt potential Th climinate cro ith 
between the imiou iNSMISSIONS he attenuatior I 
iny two il yreater than 50dB ol! cable 
Recorder 
The common flash pulse, shutte return signa ind a 
100p/s time trace are recorded to give an overal heck O 
the synchronization and Operation of the syster Record 
ire made by feeding the pulses to a row ot fixed electrod 
or pens which burn arn or i ati ng trip »f int 
backed paper The pens and a ollet which support tf 
paper and contacts the carbon backing, are rhodiun a 
to withstand rechanical cal ind provide low ontact 
resistance 
Ihe paper is traversed by a motor and gear box driving 
a roller spring loaded on te the paper Recording int 
made at speeds of 10 or 25in/sec 
Pulses to be recorded are amplified by the circuit of 
Fig. ¥. Recorder pens are connected in the anode circuit 
ot the second amplifier stage: a 100K‘? resistor in the anod 
circuit prevents the ilve anode floating when the pen 
circuit 1s interrupted. The roller which pports the pen 
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Fig. 9. Circuit recorder amplitier 
and paper is not insulated from the recorder chassis so 
that it 1s necessary to earth the positive h.t. supplied to the 


second amplifier stage 
The 100p/s signal recorded is gated from the range timer 
i 


at zero time; cine-theodolite operations can thus be related 


to a common time scale nd hence to data obtained by 
other range instruments 
Accuracy 

The accuracy to which the missile trajectory and velocity 
are determined depends on the magnitude of the timing 


errors involved in the operation of the cine-theodolite flash 


lamps and shutters. Control pulses are locked to the crystal 


oscillator of the range timer which has a frequency that 
is true and stable to within a few parts in 100000. Apart 
from this precision, irregularities in the nominal 200mse« 
interval between pulses will be introduced by jitter in the 
delay circuits; tests show this to be not greater than 

100usec. Transmission of the flash pulses along various 


lengths of cable results in phase displacements between 


tt 


rem; th 


€ maximum phase shift is 40usec with the present 
installation. Accuracy in synchronizing the shutter opera 
tions depends upon the degree to which asynchronization 
can be observed on the monitoring oscilloscope and on the 
jitter or inherent 
the shutter that the shutters can be 
synchronized Shutter give a 
correction for tracking error so that shutter asynchroniza 


random time variation in the design of 


mechanism. Tests show 


to within Imsec exposures 


tion has only a second order effect in the evaluation 
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Circuit Details 
Details of 


yp Ss 


the control circuit are shown by Fig The 
signal from the range timer goes to a pulse shaper: 
this consists of a iriode amplifier biased beyond cut-off to 
clip any low amplitude noise, followed by another amplli- 
fier and a flip-flop circuit. The flip-flop acts as a 
the square wave output is differentiated and the 
negative pulses removed with 4 crystal diode is 
to avoid the introduction SOc /s ripple that 
from the heater-cathode leakage of a 
thermionic valve. The diode connected to the input of the 
flip-flop removes any negative component from the input 
O0O2uF capacitor short-circuits any high 
frequency noise picked up in the preceding stages of the 


Stage 
squaret 

a diode 
ol 


used here 


would result 


signal while the 


shaper circuit 

The shaped pulses go via a cathode-follower to a common 
fixed delay circuit and to variable delay circuits in each of 
the six output channels of the controller. The delay circuits 
consist, in each case, of a flip-flop; the output square waves 
of these are differentiated and the positive pulse removed 
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with a diode. Output pulses are thus derived from the trail- 
ing edge of the flip-flop square waves and are displaced 
from the input pulses by a time delay corresponding to 
the flip-flop action. Time delays are varied by altering 
the value of the resistance connected to the grid of the 
second valve of the flip-flop. A preset permits 
the fixed delay to be adjusted to 100msec:; the other delays 
can be varied from 50 to 100msec 


resistol 


The output of each variable delay circuit triggers the 
cine-theodolite shutters; the pulses going to each remote 
station via underground cables and a local amplifier. The 
output of the fixed delay circuit goes to a cathode-follower 
in each control channel and then via the underground 
cables and local amplifier to the remote flash units. Flash 
pulses from each control channel are in phase, while the 
shutter pulses can be varied to be from 0 to SOmsec in 
advance of the common flash pulses according to the delay 
of each shutter mechanism. The rotary. contacts on each 
shutter transmit return pulses via the underground cable to 
an amplifier in each control channel. This consists of a triode 
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cut-off to clip any low amplitude 
amplifier and 


The pulse widener operates a neon lamp 


amplifier biased beyond 


noise followed by another Stage pulse 


widening flip-flop 
which gives a useful indication by blacking out when the 
shutter is Shutter return 


cine-theodolite operating. The 


pulse also goes to the recorder and via a selector switch 
to the monitoring oscilloscope 
time of the 


ambient 


The delay relatively 
independent of 


steady h.t 


flip-flop circuits is 
temperature changes or of the 
voltage and any drift due to valve ageing can be 
Apart 
from slow changes, however, it is necessary that a given 
time delay be repeated for 

100usec. It is, therefore, necessary to trigger the flip-flops 
with fast pulses and to ensure that there 1s no 50c/s or 
transient voltage superimposed on the exponential voltage 
the grid of the The flip-flops are 
accordingly triggered via the pulse shaper described and 


taken up in the preset or variable resistance controls 


successive Operations to within 


rise at second valve 


supplied with a well smoothed and stabilized h.t 


Local Amplifier 

This unit is installed local to the remote cine-theodolite 
and amplifies the pulses from the controller. The circuit is 
detailed by Fig. 8 

Shutter pulses go to a triode amplifier, biased to clip any 
low amplitude noise, a second amplifier and a pulse widen 
ing flip-flop. The flip-flop widens the pulse so that it is of 
sufficient duration to operate the shutter solenoid. A diode 
connected to the input of the flip-flop removes any negative 
component from the signal while the -OO2uF capacitors 
short-circuits any high frequency noise picked up in the 
cable or preceding amplifier stages. The output of the pulse 
widener goes to a triode with a Siemens’ high speed relay 





in the anode circuit; this relay operates the shutter solenoid 
Relay B is a Post Office type 3000 relay which has an 
operating time of about 40msec; its function is to interrupt 
the inductive solenoid circuit before A releases and so pro- 
tect the contacts of the high speed relay. The random varia 
tions in the operating time of a type 3000 relay. prohibit 
it being used to switch the shutter solenoid directly. The 
balancer is switched in anti-phase with the relay valve to 
equalize the load and thus prevent fluctuations in the h.t 
voltage. A push switch shown in the relay circuit is used 
for manual operation of the shutter mechanism 

Flash pulses go via a clipper and amplifier to a cathode 
follower which feeds the signal to the thyratron in the flash 
unit. The capacitor connected to the grid of the cathode 
follower short-circuits any high frequency noise picked up 
in the preceding circuits and cable 

The rotary contact fitted to the shutter vanes earths the 
grid of a cathode follower so that pulses are transmitted 
via the telephone cable back to the controller 


Line Installation 

Operating pulses are transmitted from the central con- 
troller to the remote cine-theodolites and flash units via 
underground telephone cables. These are 20lb, multi-core, 
lead sheathed cables: each pair of cores having the follow- 
ing characteristics 
Attenuation | to 2-5dB/ mile at frequencies 
of 1 to 10kc/s 
450 to 170022 at frequencies of 
1 to 10kc/s 
Propogation Delay: 10usec / mile 
The longest cable run on the range is about 4 miles and the 
corresponding delay of 40usec has no appreciable effect 
on the synchronous operation of the cine-theodolite shutters 
and flash lamps. 

The multi-core cables carry speech signals and other 
transmissions in addition to the cine-theodolite pulses. All 


Characteristic Impedance 
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signals are carried over twisted pall ot lines which al! 
terminated in transformers so that signals and lines ars 
balanced about earth potential. This eliminate cross-talk 
between the various transmissions: the attenuation betwee 
inv two signals 1s greater than 50dB/ mile of cable 
Recorder 

[he common flas! Pulse shutter return signa ind a 
1100p Ss time trace are recorded to give an overall check on 
the synchronization and Operation of the system. Recor 


ire made by feeding the pulses to a row ot fixed electrode 


or pens which burn marks On a moving strip of carbon 
backed paper. The pens and a roller, which supports the 
paper and contacts the carbon backing, are rhodium plated 
to withstand mechanical wear and provide low contact 
resistance 

The paper is traversed by a motor and gear box driving 


a roller spring loaded on tc the paper Recording can be 
made at speeds of 10 or 25in/ sec 
Pulses to be recorded are amplified by the circuit of 


Fig. 9. Recorder nected in the anode circuit 


of the second amplifier stage 


pens are co 


100k‘? resistor in the anode 


circuit prevents the valve anode floating when the pen 
circuit 1s interrupted The roller which supports the pens 
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Fig. 9. Circuit recorder amplifier 


and insulated trom the recorder chassis so 


that it is necessary to earth the positive h.t 


paper is not 
supplied to the 
second amplifier stage 

The 100p/s signal recorded is gated from the range timer 
at zero time; cine-theodolite operations can thus be related 


to a common time scale and hence to data obtained b 


other range instruments 


Accuracy 

The accuracy to which the missile trajectory and velocity 
are determined depends on the magnitude of the timing 
errors involved in the operation of the cine-theodolite flash 
lamps and shutters. Control pulses are locked to the crystal 
that 
is true Apart 
from this precision, irregularities in the nominal 200msec 


the range timer which has a frequency 


100 OOO 


oscillator of 


and stable to within a few parts in 


interval between pulses will be introduced by jitter in the 


delay circuits; tests show this to be not greater than 

100usec. Transmission of the flash pulses along various 
lengths of cable results in phase displacements between 
them: the maximum phase shift is 40usec with the present 


installation. Accuracy in synchronizing the shutter opera 
tions depends upon the degree to which asynchronization 
can be observed on the monitoring oscilloscope and on the 
variation inherent in the design of 


jitter or random time 


the shutter mechanism. Tests show that the shutters can be 
Shutter 


so that shutter 


synchronized to within Imsec 
correction for tracking error 


tion has only a second order effect in the evaluation 


exposures give a 


asynchroniza 
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is comparable with those due to errors in the surveying of 


As a summary of the timing errors it can be stated that 
(a) Asynchronization in operating the flash lamps is not the cine-theodolite and the orientation of the theodolite 
greater than 40usec axis. Velocity evaluations depend upon the accuracy with 
(b) The interval between successive operations of the flash which the trajectory fixes are made; errors introduced by 
lamps is within +200usec of the nominal value irregular operation of the flash lamps, however, will be not 
(c) Shutters are synchronized with the flash lamps to greater than +01 per cent 
within Imsec Acknowledgments 
The effect of timing errors in determining the trajectory A prototype control system was designed and developed 
ind velocity depends on the disposition of the cine in the Guided Weapons Department of the Royal Aircratt 
theodolites and the skill of the operators in tracking the Establishment and subsequently engineered by Cinema 
le. It is estimated that with the present installation the Television Ltd 
figures quoted correspond to an error in determining the REFERENCES 
trajectory of not more than lft in space; this discrepancy ; tee Ses eS soe jues Employed on Guided Missile 


A Simple Three-Channel C.R.O. Beam Switch 





By W. F. Lovering*, M.Sc., A.M.ILE.E., and 
M. P. Hearn*, B.Sc., A.C.G.L. 
It is often desirable to display several different phe nomena simultaneously on a single beam rt 


In this article details of a three-channel beam switch are given using a three-phase 


, 


multivibratol 


circuit which utilizes only six valves. 


phenomena may be _ displayed 


a single-beam cathode-ray oscillo 


YEVERAL. diflerent 
S imultaneously upon 
cope by the addition of an electronic switch arranged to 
connect each of the phenomena in turn. 

The basic circuit of such a switch is illustrated in Fig. 1. 
Several (7) gating valves share a common anode load, but 
biased beyond cut-off. A positive pulse is 
valve in turn conduct 


ire normally 


ipplied to each and causes it to 


ind amplify for the duration of the pulse. The switching 
waveforms each have a duration of |/n period positive and 
(7 ljn period negative and are displaced in time by 


n period 


[he switching frequency may be lower, or higher than 
the signal frequency. If the switching frequency is lower than 
the signal frequency, but exceeds 25c/s, each signal com- 
pletes several cycles while displayed, and persistence olf 


vision enables all traces to be seen simultaneously. The spot 
flies from one trace to another in a negligible fraction of 
the display time and each trace appears continuous and 
harply focused against a dark background, (assuming that 
the tube controls have been adjusted to give a sharply 
defined spot). The phenomena displayed are displaced in 
time by several cycles of the signal and the method is suit 
able only for the examination of repeated waveforms or of 
transients which persist for many switching periods 

If the much than the 
signal frequency, each signal is sampled several times per 
cycle. A switching frequency corresponding to a harmonic 
of the signal frequency produces a dotted line trace; with 
non-harmonic or very high frequency switching the trace 
appears continuous. This method introduces no flicker and 
may be used for visual or for photographic examination of 
repeated waveforms, or for photographing single transients 

High-frequency switching is more generally useful than 
low-frequency switching, but the limit of performance is 
determined by the inevitable stray capacitances in the 
circuit. Because of such capacitances the transition from 
one trace to another is not instantaneous and the screen is 
brightened by the spot in transit. If the transition occupies 
an appreciable fraction of the switching period the back- 
ground illumination is noticeable 


switching frequency is greater 
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4 further effect of stray capacitance is due to capacitance 
between the switching grid and the output anode. The 
sharply rising switching voltage causes a current flow in 
the capacitance which results in an anode voltage wave- 
form with a spike (overshoot) at the leading edge. The 
resultant signal trace on the screen is blurred. A similar 
effect feedback through stray capacitance 
between anode and signal grid of the gating valve. The 


results from 





<a r 
Signal 1! | Signal 2. 
| U 
j i 
| } | } 
= = 
+! 
Switching oF : 
waveforms 
Switch> 
period 
Fig. 1. Operation of a multi-channel switch 


* straight 
sup 
pressor grid, and with a high mutual conductance froin 


best available gating valves are pentodes with 
V /, characteristics using either control grid or 


either grid. Unfortunately such valves have no screen 
between anode and suppressor and so have an appreciable 
capacitance between these electrodes. With the pentodes 
available satisfactory switching with a sharp trace and 
little background illumination, is possible with a switching 
frequency of 13kc/s or a little higher. Double-triode gating 
valves have been used, but the stray capacitances are 
greater than with pentodes and the upper frequency limit 
of satisfactory operation is about 8kc/s. 

The number of traces which may be displayed is limited 
in practice by the cost and complexity of the switch. For 
example a design based upon the use of ring-connected, 
Eccles-Jordan trigger circuits requires twelve valves and 
associated resistors and capacitors to switch three channels 
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generate the voltage wavelorms required to operate three 


gating valves. The utility of a c.r.o. may thus be consider- 


ably increased at little cost 
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[hree-channel switching, using 


pentode valves, requires three rec! 


ingular switching wavelorms, each 





- iving a positive duration of one 
ams \6F 33 ams \ 6F33 third of a cycle and each displaced 
] in time from the others by one-third 
of a cycle. Such waveforms ma 
> : convenienti be gencrated Dy 
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Photographs of typical traces taken with moving fils 
re sf ~ ] } ig ; The phot i ol Fig sic) \A iS iAcTi 
ae bre args cca ln vith the n n film speed k of det n tl OO 
bay trac due mainly to th inadequate fhiln peed and lack 
f~. ~ a , 
F * a be i\ a \ ot se itivil of the fil the dotted nature f ti race 
4 hal ad v Vv ial ~ ~ * (9) contri tes little to the ick of detail 
The traces iy be separated up u rec t art 
ing that tl nean anode current of each gating va 
different from that of the others; tt ichieved by control 
olf screen voitage 
If high-frequency switching is used the output from th 
gating valves contains high harmonics of the switching 
Irequency The gnal input to the gating valves contain 
signal frequencies only. The bandwidth of any amplifie 
following the switch must, therefore, be much greater than 
(c) 
‘i the bandwidth of any amplifier preceding it 
st Low frequency switching introduces negligible high fre 
quency components and the bandwidth required 1s littl 
greater than that required for the signals 
An inadequate bandwidth following the switch results in 
an increase in the time of transition {rom one trace to 
Fig. 3. Photographs of typical traces another The spot approaches its new position re ativel 
= ‘oo slow ind the resulting trace is blurred 
+ ” aU rie wave 
The three-beam switch is a useful addition to any gle 
beam oscilloscope. With its aid the transient currents in 
A three-channel switch using only six valves may be each phase of a three-phase motor may be examined, or two 
constructed if a three-phase multivibrator is used to phenomena such as voltage and current may be examined 


and the third trace used for a calibrating waveforn 
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Transistor Circuits for use with Gas-Filled Multi-Cathode 
Counter Valves 


B. Warman*, A.M.L.E.E., 


By J 


{4 technique is described which enables 


(rons to operate 


and D. M. Bibb* 


complex digital circuits using both transistors and Deka 
from a low-voltage power supply. A transistor d. 
the 475V h.t. supply. Output pulses from the Dekatron cathodes drive transistor circuits. A transistor 


convertor is used to generate 


blocking oscillator feeds stepping pulses to Dekatron guide cathodes and a similar circuit is used 


for resetting the 
In this 


a set of compatible 


way 


phone CX hange 


yi ANSISTORS are being increasingly used for control 
applications due to their excellent switching properties, 
inherent and genera! 
The switching speeds obtainable 
high when compared with those of 
cold-cathode valves and relays, this fact often being used 
such circuits 
however, some slow-speed counter applications 
n control circuits where it is not economic to provide 
transistor counters with much higher resolution rates than 
up to 


low power consumption, reliability 
convenience in mounting 


with transistors are 


to overcome or justify the increased cost of 


There are, 


ire required 
3 OOOp S) 


For slow-speed digital counting (e.g 
multi-cathode gas-filled counting valves such as 


the Dekatron' are ideal, being comparatively cheap and 


giving a convenient visual display. It may not be im- 
mediately obvious that Dekatrons can be blended with 
transistor circuits without the immediate economy being 


outweighed by the inconvenience of the additional range of 
power supplies necessary for the Dekatrons and associated 
driving circuits. It is the purpose of this article to show 
how this can be conveniently arranged 

[Transistor have used as d.c. con- 
by using one d.c. voltage to drive the oscillator 
and output to provide 
inother d.c. voltage. Such a convertor can be used to derive 


oscillators been 
vertors 
ind transforming rectifying its 
the 475V anode supply voltage required by the Dekatrons 
from a lower voltage supply used by the transistor circuits 

The supply voltage for the transistor circuits can be the 
same as the guide-bias voltage used by the Dekatrons. The 
output current from the Dekatron cathodes is about 0-SmA 
ind so is adequate to drive transistor logical circuits. If 
one can also arrange for the logical circuits to step Deka 
means of transistors, then Dekatron counters can 
be incorporated circuits without 
transistor circuit 
for driving a Dekatron has been proposed by Chaplin and 
Sharpe’. The circuits described in this article use transistor 
blocking oscillators for stepping the Dekatrons. A block- 
Dekatron 
In this way, a set of compatible circuit elements 
has been obtained which enables complex logical circuits 
to be designed using both transistors and Dekatrons operat- 
supplies. A 


trons by 


into transistor digital 


additional power supplies. The use of a 


ing oscillator is also used for resetting the 


counters 


ing from low-voltage telephone exchange 
register constructed on these principles is described later 
A pulse-train generator which was described previously’ 
Dekatrons and 


designed to use the transistor circuits 


using thermionic valves has also been re 


Iransistor Dekatron Drive Circuit 

Fig. | shows a simple blocking oscillator circuit which 
can be triggered by a tertiary winding on its transformer: 
a further winding transforms the signal so generated to a 
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Dekatron to its home 


cathode 


circuit elements is obtained for designing logical circuits. A tele- 
register constructed on these principles is described 


The transistor A 
is coupled regeneratively from the collector to the base by 
winding W,; and W. as shown. A small positive bias derived 
from the potential divider R; and R» is fed via winding 
W, to bias off transistor X; and so continuous 
oscillation. The collector of X; is fed from a —12V supply 
and clamped via rectifier MR; to a 20V When 
the circuit is triggered by a pulse to winding W,, then tran- 
sistor X; is regeneratively driven hard into conduction and 
bottoms at earth potential until the core is saturated, where- 
upon the transistor is cut off regeneratively by the reverse 


voltage suitable to step the Dekatron 


prevent 


supply 


-12V 


+ 475V 


; — ~y 
C] 2 
1 m, 
MR, 7 — T 
. A J 








-20V | r ——s IMR, |\MR. 
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Fig. 1. Transistor Dekatron drive circuit 
e.m.f. as the flux change collapses. The collector voltage 


tends to become very negative due to the back e.m.f. of 
the coil but is clamped by rectifier MR, to 20V. On 
collapse of the back e.m.f., the collector potential returns 
to normal awaiting the application of further stepping 
pulses. The collector potential therefore swings from —12V 
to earth and then to —20V before returning to —12V as 
shown in curve (b) of Fig 

The Dekatron guides are normally returned to the guide 


bias potential of 10V via rectifiers MR. and MR;. The 
signal from the collector of transistor X; is transformed into 
winding W; where, due to the action of rectifiers MR» and 


VUR;, the positive-going collector excursion is fed to guide 
2 as a negative-going signal and the negative-going collec- 
tor excursion is fed to guide | as a negative-going signal. 
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It will be seen from curves (c) and (d) of Fig. 2 that the 
action of the blocking oscillator 
to the Dekatron guides two adjacent negative-going square 
ideally suited to stepping the Dekatron. Using 
selenium rectifiers for MR». and MRs;, it has not proved 
to be necessary to delay the fall of the first pulse to over- 
lap the second since the stray capacitance of the selenium 
rectifier MR» seems to suffice for this. When driving the 
high speed Dekatrons (type GSIOD) at speeds of the order 
of 10kc/s it is usually to use germanium point 
contact rectifiers and in these circumstances it 1s desirable 
to insert a small capacitor across MR 
lap-over. Details of a typical transformer suitable for this 
drive unit are given in the Appendix; the arrangement 1s 
in no way critical and the choice of bobbin and laminations 


has generated and fed 


pulses 


necessary 


to give this pulse 


quoted was primarily dictated by their immediate avail- 
ability. Windings W,; and W2 are wound 1:1 and Ws, gives 


i step up from W: in order to feed 100V pulses to the 
Dekatron guides 

It has been found that the Dekatrons can be driven with 
reliability at 


the manufacturer for 


higher stepping speeds than those quoted by 
the recommended driving circuits 


} | 
| 
Drive 7 — oe es i 
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Fig. 2. Idealized pulse waveforms of transistor Dekatron drive circuit 


Ihis is probably due to the more ideal nature of the square 
pulses derived in this way and to the low value of cathode 
used by the Dekatron when driving transistor 
For instance it proved to be possible to 
type GSIOC up to Ske 


resistance 
logical elements 
run Dekatrons 
reliability 


s with apparent 


Generation of Anode Supply for Several Dekatrons 
Fig. 3 shows a d.c. convertor suitable for supplying h.t 
to 10 Dekatrons. It comprises a push-pull oscillator using 
two transistors coupled via a transformer with laminations 
of ‘HCR’ metal, the characteristics of which determine 
the frequency of the oscillation. When a constant voltage 
is applied across an inductor the current rises linearly and 
the time taken to saturate the core is N@,/V 
Where ‘), is the flux change required to saturate the core 
V is the applied voltage 
N is the number of turns on the winding 
A secondary winding on the core will feed current only 
until the core is saturated, after which no significant further 
increase of flux can occur. Two transistors X; and X, are 
connected to the output transformer 7; which provides 
positive feedback to their emitters. While X; is conducting, 


the voltage across half the transformer primary is V volts 
This causes current to flow via the feedback windings to 
the emitter of X; 
cutting it off 


to hold it fully conducting and to the 


emitter of X When the core becomes 
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flux 


saturated, X; is no longer held in conduction and the 
in the core drops to its remanent value 

In so doing it induces a voltage to cut off ¥, and bring 
into conduction X» which ts held conducting until the core 
reaches saturation in the opposite sense, whereupon the 
conduction of the transistors is again reversed 

The core is taken into saturation twice per cycle and the 
under 


period of the oscillation is 4N@,/V since the flux 


goes an excursion of four times the saturation figure in eact 
cycle. The frequency of oscillation of a practical oscillator 
thus / V /4xD.N.A 

Where 


is the frequency (c/s) 
{4 is the core area (cm) 


(>. is the flux density (lines /cm-) 


One advantage of using square-loop material (HCR) fo 
the transformer is the rapid changeover between the alter 
two transistors 

this 
dissipation in the transistors. The HCR 
high saturation flux 


nate bottoming of the made possible by 


the sharp saturation of material which reduces the 


material also has 


a very low coercivity and a relatively 
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Fig. 3. Transistor d.c. convertor 


1 } j nA } 


density, this combination allows an efficient transformer 


to be designed with small physical dimensions, as has been 


Royer 


The small choke ZL, is necessary 


described by and others 

momentarily to reduce 
the load of the uncharged smoothing capacitor on the 7 
transformer, which might prevent the oscillator from start 
ing. The capacitor C; absorbs transient high voltages which 
appear al 


the transformer 


t 


the collectors due to the leakage inductance of 


and might damage the transistors. lo 


reduce the number of turns on the secondary winding a 


used: the full 
and X 


(a double winding feed to the rectifiers requires four times 


voltage-doubler rectifier circuit has been 


wave rectification draws a balanced load from X 
the secondary turns and a full-wave rectifier bridge requires 
twice the number of turns and more rectifiers) 

The circuit was designed to serve up to 10 Dekatrons 
with +475V h.t. at 300uA apiece, giving 3mA 
It has shown itself capable of providing 5mA if the strap 
S$ 1s 
emitter 


a total of 


inserted as shown in Fig. 3 to reduce the 


load 


common 


A Prototype Telephone Exchange Register 

As an exercise in the use of these techniques a rudi 
mentary telephone exchange register has been constructed 
with plug-in units 

The problem is to accept and store the dialled impulse 
trains from the subscriber’s dial so that they can be sub 
sequently used to control the setting up of the call through 
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Fig. 4 Rudimentary prototype telephone exchange register 
he telephone area. A subscriber’s telephone instrument 1s [ransistors X; and Xz receive the dialled impulses and 
onnected into the exchange by a single pair of wires over time the make and break periods in order to derive the 
ch all the signals must be passed and the power fed to ‘end of train’ and the ‘end of call’ discriminations. On 
the telephone instrument. Since the two legs of the line must _ lifting the receiver, a loop is presented to resistors Ry 
not be unbalanced during signalling, due to the possibility ind Rw which represent the 50V battery feed normally 
of cross-talk, the only signal available is the looping and supplied to the telephone instrument. This causes transistor 
the disconnexion of the line corresponding to lifting and X; to come into conduction and cut off transistors Xs, X 


inter 
per 


dial signals the digits by 
number 


replacing the receiver. The 
significant 


rupting the loop of times at 33 


cent make and 66 per cent break ratio. The release con- 
dition is indicated when the receiver is returned to the 
hook, permanently disconnecting the pair. The dialling 


breaks are not confused with the release condition because 
they do not persist for long enough to initiate the release 
In order to separate the trains, a further 
necessary to identify the persistence of the 
beyond that normal between impulses of 


action dialled 
timing action 1s 
make condition 


the same train 
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Y, and Xs which bring transistors X;, X¢, into conduction 
The changeover action here is positive and fast because 


these transistors are arranged in Schmitt trigger pairs. The 
positive-going excursion at the emitter of the X, transistor 
is fed to step the distributor Dekatron V; via its transistor 
drive circuit (which is of the type described previously), 
from the normal cathode 10 to the first cathode to prime the 
pulse-plus-bias gate’ C;R;; of the first Dekatron store V2. 

When the subscriber dials the first train of digits, tran- 
sistor X; responds to the disconnexions of the loop and is 4 
in turn followed by the Schmitt trigger X:, X, which feeds 
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pulses to step the first Dekatron store V2, since only the the.-home cathode of the distributor Dekatron V; for feed 
gate C;Rs;, 1s opened by the distributor Dekatron \V The ing and isolating the reset pulse is necessary only when 
capacitor. C:, being charged positively by the MR» rectifier the restoring pulse is connected to a working outlet where 
during the make period of the dial impulse, is unable to a —140V pulse could cause damage or faulty circuit action 


discharge during the disconnexion via resistor Ry and so This isolation is not really necessary here but is added 
holds the Schmitt trigger X;. X; from turning over during to demonstrate the technique. Rectifier MR, isolates the 
the break dial periods. This restrains the release signal cathode from the pulse restoration cominon lead because 
The Schmitt trigger X;, X. turns over so that X, conducts it is back biased by the 20V trom winding 3 of 7 


during the first loop disconnexion (due to the capacitor C, MR, isolates the output and MR; clamps the cathode load 
charging rapidly via rectifier MR.) and remains in this state against any excessive negative excursion 


Test Results 
The timing of the ‘ B’ pause was measured to be 200msec 
ind that of the *¢ pause 100msec 
The reception ol impulses was Satisfactory over a 2k 


loop with 20k{2 line leak at speeds in excess of 40 i.p.s 


Conclusions 

The technique described enables complex logical circuits 
to be designed using both transistors and Dekatrons operat 
ing from low voltage supplies. A telephone exchange register 
using the technique has operated reliably for a year. A 
pulse-train generator has also been designed using the same 
circuit elements 
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WINDING DETAILS 
Transistor Drive Circuit 
Laminations Mumetal 4 mil thick 
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Fig. 5. (a) Prototype telephone exchange register (b) D.C. convertor ‘ ‘ . 3OUU ’ 
D.C. Cor rl, Ch 
until the dial train ceases (due to the inability of the Core Mullard 1—FX1052 1—FX1053 
: \ Ninding $00 tur of 4 “\ N NI 
capacitor C, to discharge during the make period between V f of , 
dial impulses of the same train). Upon return of the sub Dekatron Restoration Oscillator Transforn 
re , f 
scriber’s dial to nermal, capacitor C, discharges and allows = stot “s f 
nding 1 200 turns of 36s. 
the Schmitt trigger X->. Xs. to turn back thus delivering a > 4 . ; 
e 2 200 1h SW 
pulse to step the distributor Dekatron V,; to cathode 2? } 4000 42 s.w 
The next train of impulses will be counted and stored 4 150 36 S.W 
on the next storage Dekatron whose pulse-plus bias gate REFERENCES 
Is nOW Opened by the new positioning of the distributor Ba R.C., Pottarp, J. R. The Deka A I 
: I ronic Ener ? ) 
Dekatron \ This action proceeds until all the digits have Rover. G. H. Swit 27 p< 4 j 
heer ialled ! ‘ > heer listributed by ) > f r N } Ju ) 
een dialled and have been distributed | V; to them remy hig ie ape ; Ma - 
appropriate storage Dekatron. If the subscriber replaces Commu it No. 19 J ? 
' 4. Ucnre < I rn, W A N Self Ss I if 
the telephone handset during or after dialling, then the O ; ] j > 9 (Ja ) 
permanent disconnexion of the line allows C; to discharge oe SS ee ee Sere oe 7 oA. 9 
and the transistor trigger A., X; turns over. The change of 6. Licut, L. H., Hooker, P.M. The Desig 1 Opera f Transistor D.( 
1 Convertor Proc. Inst. ¥ Engr B77 ) 
potential so generated is fed to the blocking oscillator 7. CHAPLIN. G.B.B.. SHARPE.C. British Pr sf Patent Applicat 6421/56 
c Tr. whi yenerates < gle ) . . 1885/57 
ircuit Xw. J hich generates a single Soe ene Wee g Bes Wis ¥ A Lees i Se ee . 
is fed to the home cathodes of the Dekatron and restores Electronic Engr 3 (1955 
, . ». Fioop, J. E., Warman, J. B. The Desig f¢ 1-Cathode 
them to normal. The arrangement of rectifiers shown on Part 2 Elects Eneng. 28. 489 (1956) 
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bore the title “Detection and Location of Aircraft by Radi 
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imstance-meas ements from three statior t | oposed that 
he use of rotating beams would permil direction as weil 
is distance to be shown on the cathode tubes and, ir 
iddition, it gave promise of a means for height-finding. It 
tressed the need for vigorous develop ent of technig 
ng muc! shorter waves than those the ivailab 
u j / yuipmer 
1934 } , f measural 
lemonstra 
4 f 1 k { T} j 
. ” R RB j ION 
, , , Ti 




















ivciengi 1 49°3 Irom an array 
| erti dipole peamed in a 
s< the durection By arranging 
for an aircraft to fly up and down 
he Hea ind by providing receiy 
equipment which could compare 
the phase ol the ground wave 
ed direct trom the transmiutter 
with those of the waves reflected 
{ urcralt t was nie ped to 
pt in xistence of an echo ol 
i gtr oO 12 trie 
I yround and flectec 
i } ind ] i pl 
| m of ne al att 

orde » be ? obptar 2 

tl won Vas eceSsa 
xperiment should take 

1) but tl ntro 
iff na ine 

¢ } ¢ 1 t¢ ery 

‘ l und wave ink wa 

, ovide ea fo er 

c il gro d 
i I< i ] vam Zz 




















h , 
\ i equi] nt I 
j j Ke tf some expe 
) p tt i h had pre 
put 1 declared na ! 4 c C a G i I ‘ oved 1o sure ent t the ngie 1 
making ol i lart OF Wi Ve tf \! ould then he y idiation ( ir-dista radio 1110 
handled. Finally referred to the need for being able Briet prised an rial ste ide up Of a pair ol 
differentiate yvetwee I ( a oC in PPE rt Hf | i hitting ge et ind a pail ol 
. t hich U LOUK ~ At plishec ite! ver-Neterody! evel irl red to feed the 
I} emarka document! S ometime R Y : . re : ‘ 
termed the Birth Certificate j . or ed () be« »3 i Mor an " 1 pla 
. ; , | r 7 
draft oO Oo the A Ml } Wat W , i Ke Dod tin Rac » Resear ) on 
Februar 35. Contair dic hat dete Slo t Da Although their task wa 
' es 1 7 
of aircrat , ing of € e | dred ile . . | c < { nett Scientif {) 
' , ; i ' ; irs 
ne pound ot possibil t pert p [ . 7 Na \ d trede k Wilkt arivel \ J 
1} ty f , } i 
t seemed to W nd € oa LD ) ealized iramatic ing \ I € 
tot t rip ‘ v te or the ist influence was to Nave 
, | ) f tt vorld he next few yea 
Oa SIC IS LS OW eld Lic ) 
: Ab fr 1) ent tra itter Wilk 
on ne McK OF tl wovert ( ] ! 
. pe ( ¢ ¢ ‘ ‘ ‘ j sar \ ect 
, d Dver located a ita * Sile i i field near Weedon 
issurance ome expel « Cac ya I 
The ¢ pot was abs ( nile west of the Holyhead 
es He doe 1O eed cl » pe>ric the expe > t { 
t { a | 1o x id oO 
ent ind the Swer becal KNOWS | t 
r 
expect ready Watson-W itt Mac oO neecr to i 
, frernoc tt i € wa erected 
experi Fe a4 ne Knew tror i Cale 
: ) nomzontal dipol eing set up on it 
ion ve ougt what the answet! VOu!d De t t i 
: r < O1leS We i 1 ano Ot ipart and places 
perhaps ) prising that Wimpert ind his colleague , : 
< re } , ? ; ? thy 1? mitter | 
j : ‘ : ig ims oO the ¢ € ( } ¢ I yitte! O aS 
in particular Air Marshal Sir Hugh Dowding. should ha f} f , 
. — ; ensure “imum pick-up of radiation reflected from the 
expressed a wish tor a practical demonstration. In responsc | 
\\ \A uircraft which, on the following day. was to fly up and 
lO this request atson alt replied in effect that a ful } : 
! = . _ ' shes aowl ine Deam Each ot the lipoles Wa Separatel con 
Scaie experiment would be costiy and take a long time 
— nected to the receivers through lengths of ordinary twistes 
Instead, he undertook to sti a quick demonstratior not ‘ } 
ignting Nex 
f the ful heme t hy srOH . { t even ' 
of the full scheme fi id proposed, and not even using a } 
< ‘ Attenuation of the ground wave was accomplished DY 
pulse technique, Dut aimed erely at showing that his } ‘ ' 
. ae the use of an adjustable phase-changing device in front of 
arithmetic was approximatei correct We will use ashed ef ¢ : | 
ae one of the two receivers as shown in Fig. 1. It will be 
up equipment which was designed for quite another i , 
} : realized that the ground waves produ ed e.m.f.s in the two 
purpose. It will be just a rough experiment and if it doesn’t 


; ierials Of equal amplitude but with a phase difference 
work, it doesnt mean a thing, except that some little thing , 
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For the purpose of this rather impromptu demonstration ground waves entering one of the receivers was in Opposi- 
it was decided to make use of one of the BBC's short-wave tion to the phase of the waves entering the other. In this 
insmitters at Daventry which could radiate 1OkW on a vay it was possible greatly to attenuate waves coming 
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purpose It will be just a re ugh experiment and if it doesnt 


work, it doesnt mean a thing, except that some little thing 


has gone wrong or that we have overlooked some quite 
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For the purpose of this rather impromptu demonstration 
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Fig. 1. It will be 
realized that the ground waves produced e.m.f.s in the two 
ditlerence 


aerials Ol put with a 
and the 
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equal amplitude phase 


ng on the wavelengt spacing of the aerials 
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By inserting the phase chat 


he aerials, it was possible to ensure that the phase of the 
ground waves entering one of the receivers was in Opposi- 
other. In this 


waves coming 


tion to the phase of the waves entering the 


vay it was rossible greatly to attenuate 
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the direction of the transmitter while 


from 
almost iull sensitivity to waves striking the aerial system 
from other directions 


maintaining 


Briefly, the phase changer comprised a pair of tetrodes 
in push-pull, the grids of which were both connected to the 
input the aerial. The two field coils of a goniometer 
were the one 
being detuned above resonance and the other below so as 
to produce a rotating field in the volume swept by the search 


from 


connected in respective anode circuits, coil 


coil. The phase of the e.m.f. in the search coil could thus 
be varied continuously from 0 to 360 
The rest of the story has been vividly described for 


the author by its chief participant, A. F. Wilkins and in his 


Ow’ words 


After the commenced the task of 
connecting up the large batteries of accumulators for I.t., 
h.t., and the cathode-ray tube supply. In the excitement of 
preparing the apparatus at Slough the fact that the interior 


of the van was quite without illumination had been over- 


erecting aerials we 


Dipole « Dipole b 


aerials still in place and, when we connected them up to 
the receivers everything proved to be in order 
‘At the hour arranged by telephone the previous even 
ing Watson-Watt and A. P. Rowe of the Air Ministry 
arrived at the site. Accompanying them was Watson-Watt’s 
nephew, Pat. who had come for the sake of the ride but, 
as the proceedings in the van were classed as highly secret 
and Dyer to the remote end of the field 
to explore 
‘Our party in the van now started to peer anxiously at 
the cathode-ray tube on which only a short vertical line 
caused by the vestige of the ground ray could be seen 
At about 9.45 a.m. the sound of a distant aircraft was 
heard and in due course the Heyford was identified flying 
towards Daventry but well off the scheduled course. After 
some minutes the aircraft appeared again flying south 
but still off the main beam, but now the expected beating 
of the signal was seen on the oscillograph and a maximum 
trace length of about two inches was observed. This per 
formance was repeated as the Heyford flew up and down 
the beam by noting 
the time at which the 
deflexion disappeared and 
issuming that the aircraft 
was flying at the requested 
100 m.p.h., we estimated 


he were sent 


and, 











al ; ~ 
eee ; that a detection range of 
[ ] eae Pre | [  oure r ] about eight miles had been 
Spoced about | amecirien mn — [ me wran ] Stace ? ) achieved 
5On a = ——-—— smattets. i. eer Unfortunately no 
record of the beats was 
—_—_—_——__, Paralieling —_— made. We had _ provided 
, —a dh ourselves with a siphon 
is = 3 or recorder and other neces 
x ] sary apparatus to make 
es ‘'‘Seateceas: i, Zz = aa records but, when the 
j sale | | | | UT PUT | r utoiindl 
1 HANGER | AMPLIFIER > aan , aoc nan 5 stace t 2 —_— apparatus wa ConmEETeS 
L Pipes iy | 4d > during the flight. no record 
appeared. It was dis 
Fig. 1. General a rangement of the equipment covered immediatels 
after the test that a con 
nexion mn in obscure 
looked. No obvious means of improvising any electric ligh pari of the apparatus had broken loose en the journey 
could be thought of and this mass of batteries was con Considering the crude nature of the apparatus used 
nected up, firstly, with the aid of matches struck and held ind the small amount of preparation the results of this 
by Dyer and, finally, by instinct. The difficulties of cor experiment were regarded as quite creditable. Whatever the 
necting up these batteries (some hundreds of volts of them) results we obtained, Rowe was move to exclaim that the 
and the rest of the apparatus were such that the whole experiment was the mosi successful one he had ever 
process was not complete until 0045 a.m. Just one-quarter witnessed 
~ an hour was left in which to test the apparatus on a It was clear to all of us who watched the tube on 
special transmission from GSA. By great good fortunc that occasion that we were at the beginning of great 
all worked well after slight adjustments to the equipment developments in the art of air defence and now that we 
In particular, the neutralization of the ground wave wa had shown that aircraft could re-radiate radio waves in 
almost complete measurable amounts at useful ranges, we were anxious to 
It was decided to ieave the aerials in situ and trust to. demonstrate the efficacy of the other proposals set oul 
luck that they would be there the next morning: the van in Watson-Watt's memoranda. Presumably the minds of 
with its valuable load could not be left, particularly as Watson-Watt and Rowe were so full cf such future hopes 
there was no Ieck on the doors. On attempting to drive that it was not until they had passed through Towcester 
away. however, Dyer found that the van would not move on the return journey that they remembered that poor Pat 
an inch. The wheels, which had sunk deeply into the soft was still exploring the fields of Weedon! 
ground on arrival in the field were now firmly gripped In those few and characterisiically modest words 
by earth which had frozen hard while the cecupants were — Wilkins has told the stery of what was perhaps one of the 


struggling within the van. Fortunately we found a spad: most MOmentous experiments ever performed. Its success 
in the equipment of the vehicle and after another half hour led directly to the spending of many millions on th 
of hard work we were free. We ultimately let ourselves into development and production of radar equipment in the few 
our hotel at 3.0 a.m vears which were to follow. Radar saved us from defeat 
Arrangements had previously been made for a Hey in the Battle of Britain, it paved the way for ultimate 
ford bomber to fly up and down the beam at a height victory in 1945 and io those pioneers whose foresight, 
of 5 000ft between 9.45 a.m. and 10.30 on 26 February imagination and brilliant achievement Jaid the foundations 
On arrival at the site at about 8.0 a.m. We found the we must for ever be deeply grateful 
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A Twin-T Variable-Slope Filter 


By G. B. Miller*, B.Sc., A.M. Brit.I.R-E 


By suitable modification a twin-T notch filter is 
Of attenuation up to a specified upper frequency ts 
are given and a detailed 


N electronic equipment designed to handle only audio 

frequencies some form of attenuation is required fo; 
frequencies above the pass-band of the equipment. The rate 
in dB per octave (or slope) at which these frequencies must 
attenuate is determined largely by the use to which the 
equipment is being put: for some applications a slope of 
at least 30dB is essential, while in others a slope of 6dB 
may be more than enough. To meet these varying require 
ments some means of readily altering the slope must there 
fore be provided in the equipment 

Low-pass LC filters in which the Q of the inductors is 
variable are readily adapted to provide variable-slope 


characteristics, but accurately wound inductances for use 


be ~ peer - <_—— 
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Fig. 1. Characteristics of variable slope filter 


at audio Irequencies are both expensive and bulky: in add: 
tion they are subject to interference from outside magnetic 
fields and require careful screening and placement. The 
same effect can be achieved by the use of RC networks and 
if these can be kept simple have much to commend then 

If a twin-T network is used in a position common to 
both the output and feedback paths of a feedback ampli- 
fier a notch filter characteristic is obtained. The slope of 
the characteristic both below and above the null frequency 
is determined by the amplifier gain (without feedback) and 
the feedback factor, and variation of either of these will 
change the slope. By suitable modification of the frequency 
phase characteristic of the feedback loop it is possible to 
change the notch filter into a low-pass filter and permit 
the slope down to the null frequency to be controlled by 
a standard log-law potentiometer 

This article describes a circuit which will achieve this 
and gives practical details and response curves for three 
experimental filters 

The usual variable-slope filter has a characteristic similar 
to that shown in Fig. I(a). The frequency f, at which the 
response is 3dB down is kept fixed and the rate at which 
frequencies above f, are attenuated is varied. However, 
there are many applications where this characteristic is 
undesirable. In the case of narrow-band transmitters for 
example, it is essential that all frequencies above a specified 


* The British Thomson-Houston € Ltd 


converted into a low-pass filter in which the rate 


controlled by a single potentiometer. Design data 


reuu is described 


frequency should have high attenuation irrespective of the 
slope or cut-off frequency, otherwise excessive bandwidth 
may result. Modern high-fidelity pre-amplifiers, too, must 
have a high attenuation for frequencies outside the 
recorded audio band, and this attenuation must be indepen 
dent of the position of the roll-off control. The type of 


characteristic required for these applications is similar to 


that shown in Fig. I(b). In this form the filter gives a vari 
able slope while maintaining a high attenuation for all 
Irequencies above a specified frequency f/f 

Most of the variable filters giving this type of charac 
terestic incorporate inductances with all the problems 
which go with then he circuit to be described below 


enables the same results to be achieved using only R and 


| } 1 | o——- output 
. L J J 
+ 
rr 
od 
OF 
— . 
Fig. 2. Basic filter circuit 
( Details are given of three filters the first two are suit 
able for modulators and give an attenuation of 35dB to all 
frequencies above 5-9kc/s and 10°6kc/s respectively, while 
the third is suitable for high-fidelity equipment since it has 
a pass-band of I4kc/s and a maximum roll-off rate of 
approximateiy 35dB per octave; in addition it has a 
minimum attenuation of 30dB for all frequencies above 
21-2h 
Description of Circuit 
The basic circuit used is a modified form of the usual 


twin-T frequency-rejection negative feedback amplifier and 
is Shown tn Fig. 2. The use of a twin-T network for this 
purpose well known and is fully discussed elsewhere 
If the network is driven from a low-impedance source and 
Operates under unloaded conditions, the response 1s sym 
metrical about the null frequency of the twin-T. Thiessen’ 
has shown that the characteristic can be made asymmetrical 
by the introduction of an additional phase lag in the feed 
back loop, while Buckley’ has shown that the same result 
is achieved by loading the output of the twin-T. As the 
latter method is flexible and allows the characteristic to be 
controlled easily and simply, it is used in this design 

Fig. 3 shows the full circuit used. The valve V;, is used 
to isolate the filter from the input circuit and to make it 
independent of the impedance of the signal source. The 
output from \ is cathode-coupled to V», the grid of 
which is used to inject the negative feedback. The output 
from the anode of V,, is fed through the twin-T network 
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across 


the 


ed to feed the voltage amplifier \ ind also provides tl 


appearing 


edback to the grid of V via the resistor R 
rom tne ft is taken from the anode of \ The UK ( 
ode tor of \ illows the filter fo be witched 
t taking the output om U inode ¢ \ « 
tf , do i oupling <¢ ipacit i Oy } 
hed in thode of \ i | 
a il ‘ nat ina case the 1 ons ; 
} iS! yt tr oO ! ecding ( ( M 
te pt 
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* Matched 
These can i als idjusted to give th final desired D 
0 
response 
the fre Te ol iximum atcenuation. This 1 
ially specified and the null frequency of the 
twin- | made equal to f 
(1/27/CR). In choosing the actual values of C and 
a hould be made sufficiently irge (at leas! 
OpF) t Vamp stray circuit capacitance R should 
pos e be at lea the recommended load fi 
tXl il I ilve \ 
ximu lrequenc for which the filter p 
na {dB dow This f equeney Is \ 
RRC x rd indirect (through R ) t ipa 
img ( ind ¢ Ol alve \ The 
reased in crease of R 1 decre ( 
ind a decrease of R and vice versa pic 
riations used in the respon DV cha ( R 
rd ¢ hown il Fig. 5 
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(O-4 -O4 x) where tne nar in Ppcak 
dB permitted in th response. ( It 
formula is slightly pessimistic 
R CR to 3CR. See Fig 
> 
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Measurement of Small Phase Shifts with a 
Phase Sensitive Voltmeter 


By D. J. Collins*, B.Sc.(Eng.), A.M.I.E.E., 
Smith*, B.Sc 


J. E 


and 


The design of precision electronic circuits sometimes requires the measurement of very small phase 


errors 10 ¢ 


order of one degree 


riTH 


W 
back 


instrumentation capable of determining the t 


the increase of systems using closed loop feed 


control, there has been a greater demand for 


ansfer func 
tions of elements employed in the control loop 
The function 


energize the number 


analysis 1s 
fixed 


USINZ a 


usual method ot transfer 


unit under test at a Oo frequen 


covering the frequency range ol interest 
The amplitude 
noted in each instance and the results 


the 


cies con 


stant amplitude input signal output 


phase-angle are 


then recorded on polar co-ordinate paper, in form of 


i Nyquist diagram 


The Phase Sensitive Voltmeter 
[| 


Hie 


It rethod 


the 
usually known 


voltmeter ideally suited the 


1S 
It 
energizing voltage fed to the unit under test 
the 


signal voltage 


S oO AaADdDOVE I 


ol isurement receives two input voltages; one 


is the reference voltage, and other—the output from 


he unit--is known as the 


s 


Itmeter is fitted with two 61n scale length thermo 
The to 
rue voltage the resolved components ol the sign 
with and at 90 
in-phase component ts indicated or 


90 


The v 


couple wattmeters function of these ts indicate in 


terms of t 


voltage which are in phase to the referenc 


The 


ind the 


voilage inpul 


reference meter! component on the quadra 


rete! This simultaneous resolved component presental 


permits direct plotting of Nyquist diagram on ordinary 


rectangular graph paper 


LIMITATIONS 


has many advantages over other method 


“nt 
rent, 


e.g. high rejection of harmonics and noise 
voltage | good 


full 


adequate for m« 


impedance, lar inge, and 


cy Although the 


h quadrant, ts 


ve 


, + 
iccura uracy per cent of 


1 letel, 
Caie In eac compretety S 


purposes, it is not so for uses involving the measurement 


of small phase errors in units I nominal O° ¢ 


This 


meter 


iving a I 


shift is because, under these conditions 


phase 
indication 1s 


If 


as 2 per cent of full scale, it is unlikely 


the quadrature very small compared 


ot the reference meter in fact, the quadrature 


1OW 


that the angle measurement will have any great accuracy, 


indication is comparable with the instrument error 


sly. there are two solutions to overcoming in 


cles under these conditions 


mprove the general accuracy of the voltmeter 


the quadrature indication until it 


the 


first solution can be ruled out on the grounds that 


ise 1S large 
compared with 


The 


inaccuracy 


the accuracy of indication is almost entirely dependent on 
nm Research & Deve ment Lid 
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: reasonable accuracy. The article describes a method of measuring phase errors of the 
using conventional instrumentation 


the accuracy of the thermocouple watimeter, and 


appears to be no hope of any immediate improveme 
this accuracy 

The cannot be achieved by 
the overall voltmeter sensitivity. since the reference meter 
then be A bette 


the in-phase component of the signal, thus reducing 


second solution increasing 


would overloaded method is to * back 


off 
the reference meter indication and allowing the voltmeter 


sensitivity to be increased, with consequent increase in 


yuadrature indication 


MIETHOD OF MEASUREMENT 


This technique will be described as applied to the test 


ing of the two general cases met in practice 
(a) To test a unit having a nominal phase shift of [8 
(b) To test a unit having a nominal 0° phase shift 
— x 
. M }——! 
R R; 
m—nnrennnr— 
= Fd 
I ++ Sig y 
oRet 4 r 
= 
Fig. |. Basic circuit configuration for unity gain 
First, consider the nominal 180° phase shift case and. 
for simplicity, it 1s proposed to deal with an amplifier of 


ty gain. The conditions for the test are shown in Fig. |! 


Che operator sets the input to a suitable level for the test. 
ind adjusts the phase sensitive voltmeter on this signal. The 
voltmeter is then switched to the ‘use’ position, and is 
used to monitor the amplifier output. The signal amplitude 


measured is sensibly all ‘reverse phase’ component. This 
reverse phase reading is noted and the voltmeter is then 
switched to the junction of the two adding resistors R 
ind R 5 
the amplifier gain is unity, the signal appearing at their 
junction will be practically all quadrature. The sensitivity 
can now be increased to give an accurate 
this component. It should be remembered 
should be doubled as the quadrature com- 
ponent at the amplifier output is halved by attenuator R;: 
R 

Considering the case of the unity gain amplifier with 


a nominal O° phase shift, it obvious that the same 


These resistors should be equal in value and, if 
e 
of the voltmeter 


measurement ol 


that the reading 


Is 
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Fig. 5. Equivalent circu of adding system 
—- 
— 
balance of in-pha signals developed across R,; and R 
Fig. 3. Circuit configeration for devices having gain greater than unity For ump ifiers of less than units gain it is obviously 
necessary O alle iate the reference signal being fed to 
R,;. The general set up for these conditions is shown in 
-— Figs 4 
A P ( DI 
. vd Sf 4 RAC] INSIDERATI 
It can be een that the attenuator used in the above 
Pe ae ui< tests should have negligible phase error at the frequen 
concerned. The values of R; and R» should also be suffic 
2 R 
pe - e NA ently high to prevent loading on the sources to which they 
re connected 
/ : The phase sensitive voltmeter itself constitutes a load at 
the junction of R; and R ind can give rise to error t 
T 219 ‘ j rs 
— | ome t 9 ‘ he quadrature indication. Fig gives the equivalent 
circuit of R,, R». and the input impedance of the voltmete 
( ind R,, in parallel. If Ry 1s much greater than R; and 
- R., then amplitude errors due to pure resistive loading i! 
be negle< j 
Fig. 4. Circuit configuration for devices having gain less than unity j > ‘ P 
The phase shilt in the signal caused by ( produce 


only a small amplitude error in the quadrature reading 
providing that the cancellation of in phase signal is good 
tea > n he Inlie ahove he amp! . yutputl z 
technique can € api lied as above, if the an plifier outpu Thus, for an accurate quadr iture reading it will be ne 
is accurately phase reversed. A phase reversing element 


é sary to adjust the attenuator to give a zero reference meter 
can be inserted at x, taking the form of a transformer o1 reading 
§ ading 
more conveniently, an image amplifier of the type shown 
, r By careful use of the above technique it has beer 
in Fig. 2. This type of amplifier has unity transmission from 
7 + ; possible to measure a phase shift of 10° to within an 
d.c. up to about 20kc/s, and the small phase errors occur = 
accuracy of 2’ on a 10V r.m.s. signal level at 10kc 


ring in it at the higher frequencies can be quickly com 
pensated using the above * backing off’ technique tdonlodnente 

To enable amplifiers of gain greater than unity to be The authors wish to record their thanks to the Directors 
tested. it is only necessary to insert an accurate attenuator of Solartron Research & Development Ltd for permission 
at the output of the amplifier under test to give the correct to publish this article 
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: A New Bistable Element Suitable for Use 
in Digital Computers 


(Part 2) 





By C. D. Florida*, A.M.LE.I 
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perfect switcl can 
t fa until D is open fig. 10. Calculated and measured switch-off characteristics 
[he same cause (of diode 
impedance) results in the curve for being flatter in its it may be thought that the circuit could resolve equally 
id portion than it should be: some of the current which paced input waveforms O0-Susec apart. This ts not so with 
hould flow to D,; via the base-collector capacitances is _ the circuit as shown, whose resolving time is about 1|-Susec 
diverted into the base of X; and ts revealed by the hump on The reason for this long time lies in the behaviour of the 
iveform of turn-off transistor X; and is analysed in Appendix B under 
Other discrepancies arise because of diode turn-off time tage 7, A calculated waveform for the collect x current ol 
[ vyhnetner the diode IS 1 Sepal ile component YT part ol i Cras transistor ts shown in I ig VI where the turn off input 
insistor. Instances of this, resulting in the flow of reverse ind output waveforms are also shown. The collector 
cc the ¢ s fo ind here the Current was ilculated for the circuit shown in Fig. B.1, 
‘ F e shown shaded will of Xx assumed to be 0-98 and assumed to be 
errors tl I g between the end of the vavetorn an th ‘ , , 
: ae CS aoa ae It can be seen that_witl these values the circuit is in a an. 
pallens = : ae eae quiescent state alfer /5 time-constants, giving a resolving 
" me 1088 01 rrent because OF reve ‘ sai for 8Mc/s transistors of 1-Susec. This time could be 
proved by increasing is, but this would result in a loss 
° slic ; . ad of turn-off sensitivity. A way out of this difficulty is LL 
described by N. F. Moody? is a companion article 
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Practical Circuit Appendix A. Th ase-collecto apacitances and 
So tar, the description of the development of the circuit put and loa ipacitances Nave also bet id 1 and 
ind also the analyses have used constant current source directs um rr interna iT 
For practical purposes these can be simulated by moderate sag 
oltages and resistances. Fig. 12 shows such a practica During the tage oO ) nA 
ircult several hundred iborator models of this i nes t po 11 O tt ] le. It 
d tested with ver Sfactor es t ‘ , { 
» \ 
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¢ 
Conclusions >) ' i hei ooh 
e ‘ 
It has been showr oth experimentally and theoretica ’‘ X; t d t intl D ff Ini the rrent 
nat the con plementary pair trigger circuit, when driving passed Ds is equal ) (| ind these 
e Similiar Stages, Nas the following characteristics C t mai onsta du g phase nce the base 
Switch-on time 0-1 usec (approx.) of X lamped to the emitte das D conducting 
Output fall time 0: l usec no current can pass thr th kat oO or capa 
Switch-off time 0-2 usec ince of A 
Qutput rise time OS use 
Resolving time I -Susec . I rlectes 
Also, the current handling capacity in both the on and the 
. f 1 
ff states is excellent, and there are no tight toleranc fy ' \ | 
g \ Sf mon or | { } i 
quirements. The transient response has been shown to | ee 
ilculable to a good order of accuracy P , a oe ot , 
( it id 
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Equation (28) can be approximated as x, — 1 
T) 


Sfage 


As D. cuts off at the end of stage 2 the base and emitter 
are free to rise in potential during the next stage, , “ 
reaches zero. (This statement is true 
with normally-used values for circuit currents 
may result in stage 3 terminating when V 
when D 


of X 


which will last until i, 


or 
Wi 


Now 


ELEC 


! i 


; 


cuts off) 


have 


ac (f 





» by (k?/4). Since usually k;~(k/2), 46 will be negative if 
(29) 1” > (k/2). As it is most unlikely that n will have a value 


less than k/2, we can write jé in place of 6, then 
Pp) 


other values 
10V rt J 


reaches 


| ts whence 
pk¢ } / pkCV 2 
| at 
, j [ e *( (cos 61 ] osinol ")) (31) 
| L 
I(r (1/7) pn . 
If the assumption ts made that k 2k; and a new constant 
ing for i k n/ks is introduced, then equation (31) simplifies when 
2n(1 — 2) + k(2 — 20) + 2s’ 1 to 
Hntk+k)+p 
| / 2 
\ ~ kal | | exp( 1/T) 
n(l y+ kl )+k k 3 
1 A I 2 k | \] 7 
(cos t/T7 sin t/7 LI.) 
iki +. 2h kl k ke +3 ke —1 ky +3 | 
plik +k p( 
\ I i For the initial conditions in the next stage we shall need 
[ ? | nxat to know the values of | W./dt, and at the end of 
(j idip ) > 
| Stage 5 
| I / ij 
(p+(1/T)) 0 (50) From } and equation (30) 
pnt 
and all derivatives Q) 
Intl ) k(2 ) A 
r.h.s. of the equation can thus be replaced by ViepnC |p p 
: L (n+k+ks)l 
n( | / 2 nz at 
pn { | P ) nt) 1) kil )+ k,\ 
/ \ rf J / } 
: ( k +k) 7 | 
ve currents on the I.h.s. replaced by their transforms 2 
(| ) (| ) 
( r { ) , la Pp 
, / | 
} t t ’ r re Oo y ) y | 
ibstituting and re-arranging ( | pD- ] (nae I / { 
(i;/ p) ] ae 
a a a a a I a athe ee le 
n| (1 ya )— aoal | 
Tn} >] k(2 2k (k°— 4ksn)) { acl )+ k(2 —a)+2k 1 (A tksn)\} 
j aT k.)7 } | 2in+k+k,j] P 
oy a a oe ae 6b he O16) eS Ces AR heh ODER SBMBARMRE DE AEMSEMMMDOw eee ! 
Initially 4 0, and all derivations are zero Also 
De written as 
x‘ Dp ei i } 
{ p) ; / i 
/ (1 ] }( ] Inserting the initial conditions and the transforms we get 
alter re-arranging, 
nf ti i; —i(1 —a0)] (1 ) aC | 
I 
; (2nt1 y+ k(2 ) + 2k n(l —2,.)° +k y+k 
' ( hk k.)T-ne D p 
' (n+k+k,)7 n+k+ks)7 
' 
; which may be written, using the same symbolism as in the 
> (p é } > (p ( derivation Of i, as 
T | \ ij | g 
V (k* — 4kgn) oe + Je J 
is equalto . vhich is negative if Kan } nCT*p'| p p 
Yin + k k.) ] \ / j 
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he inverse transform of which is Stage 4 
eT . When emitter current in X, ceases at the end of stage 3 
, f ( i oyeT hs the capacitance nC and the current become isolated from 
C( ‘ 
; the rest of the circuit The emitter of the pnp transistor 
thus rises in potential at a rate of nC volts / sec t 
{ 2~ cos ] sin ] ) (32) 


I re ‘ | 


| / . where 


nc ( ) of } at the end of stage 


(/ represents the value of } ind consequent 


The potential of the base of XA» will rise at a faster rat 


and we seek to find the law governing this rise during 


{ COS (/7 in t/7 (34 
) 


the third Slage until the stage 1s terminated by conductior 
o obtain at the end of stage 3, we have, during that in D 
ige We have 
2 ae 0 
“ Le 
(p 1/T) - , = 0 constant during this stage 
i during this stage, since U 
Initially SO 
) at phic 
(/ 1/7) 
I | / 
AC 4 
Substituting for trom the equation preceding (31) p+tjt 
2 C omb yg 
| 
l ; T( h Al ( 
. } a (hk hk 
cr | [ 
| j \ . l 
| ] 
j j My (| ) ] { 
| aD ) -aja(s ) | | | 
L ] j -Jo} ] , | rv. J m (33) or (36) 
it a a 
cn Vieid ilter re arranging sav. | (fro (34) or (3 
- 2 
p (i ) 
. ( ( ) 
Thus pc | 
[ ( ) ( ' a 
[ Ten } ] { jon i ki ‘ 
. rk k “ y 
2yA(p + ( om) TT) Zyalp+( )T) ( 4 { / 
j i | ] ] 
it nverse transform of this expression can be manipu k ke CI 
ited to give C (k+kMpV34+V3%) . Fl 
] 
Now " ta 
throughou 
‘ >.) ‘ a Fo n € 
oO (; / / ( 
> co I sind 1/7 (35) Initially ; (t2) 
{ 1/7) 1) ( 
Using the ime assumptions as were used to derive equa 
> > i | , - f 
o (32). equations (33). (34). and (35) simplify to B ( i 
(1/7 
l F . ri , 
| ~al Kel - / xp I ¢ / S tituting these transtor lf ur | 
| (k 3) rf 3 
: ' ; { (f)/ dT\ f 
A ‘ l ( I | 
in / (3 ( | 
h ] vi 3 j l 
( ) T \ 
j . / a) 2 ( )} 
ik eA pl T){ COS tid ( j h | 
| 3 \ I : k J 
h | , at ; [ { ) 
sin /T } (37 , ( }\-— 
h 3 } / if | . j 
( j 
4 A 
. ? ] TV") (1,)7 
k.aC ~ at “x pf r)(« 1) cos (- } 
e Cx] 5 \ 7, , ( / Cld 
(k 1) A . ’ (k 1) > where f) + AC } 
& - sin til (38) 
k 3 (k 1) k 3 and d k k 
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inslo f this expression leads to 5 sO inserting the initial values for / 
) k{ (| 
x 
( (| { | 
{ py i ) | exp 
\ ( i} it k (| 
F whence : 
/ ( Te ) (f it AC CI 
: ‘ / Ci f | ting these initial values 
| rl 4 
oe ae oe ee | 
\ dl } (k 1)7 | Ctk 1) 
erminate vhe I reaches the potential to , 
attached At this time it will be necessary to (; } 
j ( 
id n order to know the current in D C(k +1)\ es ( 
AC | then | differentiating equation (4] (] ) (f,) 
Cth ) C(k 
{ AP{ 
| / | 
( } ' x - 
i] 
N« p) 
| | - 
said $2) 
. [ 
if h 
, | ; 
fo qua 40) give [ {hk lyr | 
{ € (3 ’ 1 
{ \ velo A A ! qua Cth = ] 
{ " 
+ a" 4 
[ \ re-arranging., 
\ 
A) J ae ¢ } . 
| ( \ } I} ( ) 
i 
CUA 
( +4 
( | 
(k +1 
er 
| at e 
, € insform of which | 
] , 1 [ 
{ | +>) J | { 
} C tk ) | 
{ ) (t,) (k 
¢ € ne end of stage 3 j 
t oDlained I ( shows that, when 
( po! ( it ilues, this current 
th ¢ ie that stage 4+ ends. Th 5 » ODtal 
it tha e and tl rent wa ward iI 
j 110 CC ponent of urrel in dD ( whict ro 
ow tend t i otf X, emitter current la 
i i¢ whict \ i turned off b tt (I } 
s eq oO find ti li taxen tor to A I 
re ollector curren ind flowing at 
rm | the base of X 
ad | k (| 
h ] (A 
lo obtain 
\ SO r 
| 
| - Cth 
| laliy SO (7 (1 
i y ) 
‘ \ ; / { 
kK +1) ] Cth Transforming equation (4 
i j sav. 0 { {7 (1/7) / 
dir g tt initial equalior | k | (| 
k pth to) 
t (k 1k 
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Ctk 
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lexp 
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After re-arrangement. this can be written as 


A (74) 


€ € g reac k It : 
(f,)e ) ‘ 
\ oO 47 ana 1X F ; F 
. irnec 
( A 
J ( od W 
i] y 
? | 
cle 
| < 
et an / “A 
(fh 1 Since 
exp | _ - tao 
<1 
{Jt} He 
1d 
Initia 
~ A ’ 
e { A exp ae f IT) where 
‘ . equa 
(52) 
1} 
Stage 6 
At the end of stage the emitter current of X; will have Now 


been reduced to zero. X, collector current will have a value 
(t.) and X, collector current a value iff,). These currents 
may be calculated from equations (48) (or (52)) and (49 


after substituting the value of t/T at which reaches zero 


ie . . Wher 
from equation (47) or (51). The potential of the base and 
emitter of X, will be at Vin(ts) which may be similarly 
obtained from equation (46) or (50) 
During stage 6 the potential of the base of X; continues 
to fall until it is arrested by Ds, and that of the emitte: I 
nti diverted into D [her 
For the base potential we have 
‘ 
soled But 
It l ( k¢ f AC ) 
I ia J so S 
| J 
AC 
t } -— 


Now ( [ é | Now 
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The Design of Function Generators Using 
Silicon Carbide Non-linear Resistors 


By E. Brown*, B.Sc 


Sil 


Dy series 


con arbDide resistors, thie 
and parallel linear 


am plifte ; 


effective 


resistors 
ronal 


having a high accuracy 
HI 


have been described in a recent series of articles 
input grid of 
ipplied, as shown in Fig. 1, 


may be regarded as a virtual 
earth: and if the grid current is negligible. then 
V./1 (R» Ry») (1) 
i a 
| i.R (2) 
Thus, when R,; and R» are linear resistors, scaling by a 
constant factor is achieved. The use of more than one 
inpul terminal and resistor makes possible the addition of 
several inpul voltages 


It is frequently necessary in analogue computer work to 


evaluate one variable (V2) which is a non-linear function 
of another (V;). One wavy of achieving this result is to 
eplace either R, or R» by a network of resistors and biased 
R, 
R Z,¥ 
Vv “AA -A > —_o V 
I g 
Input voitage Output voltage 
tig. |. Computer amplifier with feedback network 
diodes The output voltage of such a unit takes the forn 
of a series of straight lines which appreximate to the re 


quired curve This type of function generator will be un 


suitable tn applications where the derivative of the output 
required, since the derivative will be discontinuous. To 

ybtain high accuracy many diodes are required, and the 

function generator units in consequence become bulky 


This article describes a and 


simpler more compact type 
of function generator, using silicon-carbide non-linear re 
sistance elements which do not possess the above dis- 
idvantage 

Theory 

It can be seen from Fig. 1 and equation (2) that the 
problem of obtaining an cutput voltage V. which is the 
required non-linear function of the input voltage V; is 
essentially that of producing a network to replace R; for 
which /; is the required function of V The modification 
f the current-voltage characteristic of silicon carbide 
esistor is the basis of the present method 

The current-voltage relationship of silicon-carbide may 

prese ed b 
I kl (3) 

Ai high voltages the value of is reasonably constant but 
falls as the voltage decreases The resistors used are in 


disk form. supplied by Morgan Crucible Company Limited 


nd the Automatic Telephone Company Limited Three 
° I , f] / 
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current-voltage 


basic techniques of electronic analogue computers 


The 


a high gain amplifier to which feedback is 


Walker*, B.Sc 


characteristics of which have been modified 


are employed as input or feedback components of an opera 
to Obtain non-linear function generators 


The design of 
is described in detail 


square law and sine units 


different types have been used and are shown in Fig 

For convenience they are designated D;, D» and Ds; the 
of given in Table 1, and 
current-voltage curves are shown in Fig. 3. In Fig. 4 the 
effect of series and parallel linear resistance on the current- 
voltage curve for a type D,; disk is illustrated. It will be 
that, in the case of the linear resistance, 
as the voltage is increased the index of the effective power 
law varies from that typical of the disk to unity; for the 
parallel resistance, this change of power law occurs in the 


characteristics these disks are 


observed series 





Non-linear 


Fig. 2. 


resistors 
reverse direction for increasing voltage. It will be appre- 
ciated therefore that combined series and parallel resist 
ances will enable a wide range of power laws to be obtained 
between given voltage limits 

[rigonometrical functions may be expressed as a power 


series, of which the first term is linear or a constant. The 
higher order terms may be obtained by means of a 
non-linear circuit, and the dominant terms of such series 


expansions are the cube and the square. The square law 
is of particular importance since it also arises in 


geometrical relationships and physical laws; further 


certain 


a multi- 
plier can be made based on square law generators 














TABLE 
RESISTANCE A x x 
(at SOV) (at SOV) (at SOV) it SV) 
Disk type D 100k{2 8°4. 10 34 2-0 
Disk type D 75kQ 3-2. 10° 43 3-0 
Disk type D 70k22 2-4. 10 5-0 3-§ 
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FOr catdppeainpaiicantesiiietbed iS most suitable since for this disk 1s closest to two. As 
eave cae sa me is dependent on the voltage gradient in the disk, a further 
a a a ee eR degree of freedom can be obtained by feeding the disk fron 
a ~ | ‘a + a potential divider, so that the operating voltage range ol 
a | tT ttt the disk may. be changed independently of the input scale 
es er. It is also convenient to be able to adjust the scale of ti 
| i 3) 2S Output voltage without altering the feedback resistor. This 


necessitates a current divider A circuit with both of thes 


facilities is shown in Fig. 5; Fig. 6 depicts two typica 
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Fig. 5. Simpte square law function generator showing typ cal 
component values 
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Fig. 3. Current voltage curves for type D D and D_ non-linear resistors w 
(b) 
3+ 
°F ee al y 
-—-— + ~ + -— 4 4 -4- 4-444 +— + + ++ + — 
& (1) Type 0, non-linear resistor a T 1 
| (2) Same resistor with 2MQ in paraliel _| Li -5 
z (3) Same resistor with 30k2 in series ms Oy TT Fig. 6. Typical errors curves for simple square law function generator 
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< +—__—___+ 44-4. eee ee. olomn 2 1OKN 
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a 
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VV 
50kQ 1 7 
0-01 aes Vv“~/\Ar—-e 2 +o— 
iE TE ex 
a oe Fig. 7. Square law function generator and correction circuit, with 
MBP art typical component values 
mmneel error curves for this type of circuit. Fig. 6(a) shows the 
closest approximation to a square law that can be obtained 
All the units described are scaled so that an input of 100V 
gives rise to 100V output 
0-001 Hiiiit | ee eee | Several types cf circuit have been investigated; the most 
' 10 100 accurate type developed sums the output current from the 
VOLT 1 
aus network of Fig. 5 and the current from a correction circuit 
Fig. 4. Current voltage curves for a non-linear resistor with series and In this case a basic unit is built which has an error curve 
parallel linear resistors 
as shown in Fig. 6(b), since this form of error is most 
easily corrected 
A Square Law Function Generator The circuit of such a unit is shown in Fig. 7: it can be 
A first approximation to a square law characteristic is seen that an input voltage of V is required, but if the 


achieved with an input network consisting of one non-linear unit is required to operate in two quadrants, this is no 
resistor in series with a linear resistance. A type D,; disk disadvantage. The correction circuit consists essentially of 
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potential divider chain between |} ind I The 
ower arm contains a non-linear disk, type D,, and so its 
resistance decreases with applied voltage. Initially there 


fore the potential at the centre point of the chain will in 


rease positively with } As V rises further still the volt 
ige will drop, until when the resistances of both arms are 
equal, the voltage will be zero. The second.disk, type Dz, 


ves further to shape the correction curve, and ensures 
A typical error for such a 
8; it should be noted that 


ro sicpe at the origin curve 


re law unit is shown in Fig 









the error is small near the origin 
t} units described generate Vib If units are re- 
quired to operate as square law generators in two quadrants, 
two diode switches must be inserted which operate at the 
A 
+O -4r J 
Pr 
~ +0°2+ Fd 
> 
6 oO 
o Ss a —, 
x 80 100 
w 02 INPUT VOLTAGE (y) 
0-4 
fig. 8. Error curves for square law function generator shown w Fig. 7 
YI 
| 
a 
a 
J a 
MQ iIMQ 6 
AAAS AY 4 
x 2M MQ |[ 
PAA A/-oo ter AA/-o ~~ 
2Mir | ‘ 29MQ 
i 2. mavarala 
IMQ IMQ i 
Ahr AAS ee. >< 
Ima IMQ |P Iv,| “ak 
L~A/AA-ee 29’ /\/\ po} >> i 
y ImMQ \ . 4 
a 
a 
a 
< 
3 | 
| = |v2| “ 
+ 
| 
| 
Fig 4g Quarter square multiplier 
origin In adjusting the circuit values, the back voltage 
ind impedance of the diodes need to be taken into account 
while, to ensure smooth switching, selection of pairs ol 
diodes with low and equal back voltage is necessary. The 
back voltage can be further reduced by applying a bias 
urrent to the diodes 


Ihe setting up of square law units can be facilitated by 
i test unit consisting of two ganged precision 


s applied to the winding 


means ol 
potentiometers. A fixed voltage 1 
of the first potentiometer the wiper of which Is taken to a 


The amplifier output is applied to 


inity gain amplifier 
the second potentiometer A further unity gain amplifier 
gives an output proportional to V’, where V is the output 


st amplifier Using potentiometers of accuracy 


1 per cent, and taking care over their loading, 


from the fir 


better than 0 


a test unit of accuracy better than 0-03 per cent of full 
scale has been made 
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[The identity 


xy 


4 


5 


shows how two square law function generators may be used 


to make a multiplier. Fig. 9 gives the circuit diagram ot 





10. Quarter-square multiplier plate 


Fig. 
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y 





4 O6 to FOV 






104 ‘ew 
o+ . ‘ ' ‘ hE. 
1O 20 30 40 S50 60 70 80 90 100 
X INPUT VOLTAGE 
Fig. 11. Quarter-square multiplier error curves contour diagram 
such a multipiier, in which the blocks marked ‘ squarer 
consist of the input circuit of Fig [he resistors and 


non-linear elements associated with a complete multiplier 


ire shown mounted on a plate in Fig. 10. The accuracy 


of a multiplier may be deduced by suppesing that the errors 
in each square in the above expressions are and & res 
pectively, then the output is XY + « e. instead of XY 


The quantity (« €,) is the error of the multiplier and fo 
this to be small, the squarer errors need to be as small as 


possible. Of particular interest is the case when X or } 


MARC 
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is Zero. The two squarers will then have the same inputs 
and so, if exactly matched, e: and e will be the same and 
cancel. Matching the two squarers therefore reduces the 


Xx 


With the unit described above, an overall accuracy of 
better than 1-O0V can be obtained most the 
range, the accuracy is considerably better: for X } 
zero, the maximum output is 0-1V. Fig. !1 shows contours 
giving lines of constant error, the contours being in 0-2\ 
steps 


error when or Y is small 


of 


or 


and, over 


4 multiplier may be connected in a feedback circuit to 
provide a divider. A quantity Z is multiplied by one input 
X¥, and the product XZ | 


equated to a second input Y 


in a high gain amplifier. Hence Z (Y/X). If errors 
and e« are assumed for the squares of 
\ r \ Z 
“ ind 
respectively, then the quantity ¢ €, IS equivalent to an 


error in Y of this magnitude. This enables the accuracy of 


the divider to be readily assessed 
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Fig. 12. Sime function generator with typical component values 
~ +02, 
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2 
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Fig. 13. Typical error curve for sine function generator 
lrigonometrical Function Generators 
For trigonometrical functions a non-linear circuit is 


used to obtain the higher order terms of a Series expansion 
In the case of a sine unit 
(ad (4 3 S') 


sin @ (0 


The linear term is readily obtained, and the dominant term 
in the remainder is the cubic one. For this reason type D 
disks are employed, the best result being obtained from a 
circuit using two disks, as shown in Fig. 12. A typical error 
curve is shown in Fig. 13. The normal full scale output 
voltage of 100V is used for all trigonometrical units, and 
for the sine the peak error is approximately 0-3V for a unit 
with range ( 2) (7/2) 


7 


A sine unit may be converted into a cosine unit quite 
easily, by forming (x/2) — 6, but it is more economical in 
amplifiers to design a special cosine unit. A circuit similar 
to that of the sine unit using type D, disks gives good results 
for the non-linear term. For an input of +(7/2) an accuracy 
of 0-3V is obtained, and if the range is restricted to + (7/3), 
this can be improved to 0-1V in 100V output 


The tangent function requires a disk of higher power 


law than the sine. A tangent unit has been constructed 
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obtaining the non-linear terms of the expansion from 
type D; disk with a single series resistance. In the range 
+ 50°, it is accurate to 0-2V. A function generator for the 
secant has been constructed, using similar principles 


In each case the interchange of input and feedback net 


a 


works gives rise to the inverse function A satisfactory 
performance has been obtained from square root, inverse 
tangent and inverse sine units 
Accuracy and Stability 

Ihe figures quoted show that several useful function 
may be generated with an accuracy of 0:3 per cent of fu 
scale. The frequency response of the elements does not 
impair the accuracy of the function generators within the 
bandwidth of the amplifiers used, and it is believed that 
satisfactory operation up to 20kc/Ss Is possible 

The effect of temperature on the irrent-voltage relatior 
ct silicon carbide ts given by 

J C.(1 rl 

where »y lies between 0-0012/ °C and 0-0018/ °C. Wher 
a series resistor is present, the change of current with tem 
perature alters the voltage across the disk in such a way 


as to maintain the original current. The overall temperature 
coefficient of the units described is therefore very much less 
t} 

dusk 


the ind normal changes in 
laboratory temperature have have been found to have onl 


than is suggested by that of 


a small effect on the accuracy of the units described 


[he long term stability of the units is good. A small 
adjustment in the scaling of non-linear terms has been 
occasionally necessary after the units have been in use 
several months. It should be pointed out that with some 
forms of silicon-carbide disks an increase in resistance with 
time takes place on application of a constant voltage. This 
is initially quite rapid and may be as large as 2 per cent 
after One minute, but increases to only 5 per cent after 
several hours. The change is in the opposite direction to 


that expected from coulomb heating, and is reversible, but 


only occurs to a significant degree above certain voltage 
levels, and only for disks D 

Ihe characteristics of silicon-carbide are affected by 
humidity, and those disks which were not already sealed 


have been dried, and potted in araldite. Since silicon-carbide 
normally manufactured for application as 
spark and surge suppressors where tolerances are large, each 


resistors are 
function generator must be adjusted individually and the 
component values given in the circuit diagrams are only 
typical. In the present application a more stringent tolerance 
is of considerable help in production of identical units. It is 
suggested that it 
ductivity k at a particular applied voltage which should be 
within the operating range of the voltage across the disks tn 
the particular circuit 


is useful to quote a tolerance on the con 


In conclusion it can be seen from the foregoing discussion 


that simple, compact and inexpensive function generators 


can be made using silicon carbide resistors. A wide range 
of functions can be obtained to good accuracy, which is 
maintained over long periods without adjustment 
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BOOK REVIEWS 


Three Steps to Victory 


Ry Sir Robert Watson-Watt. 474 pp. Large 8vo. 
Odhams Press Lid. 1958. Price 3s. 


HERE is much of interest and value 
in this book, but unfortunately, there 
is also much which its intolerably boring 


ind, before the reviewer had got 
half-way through its pages, he had begun 
heartily to regret that he had ever under 
taken to review it. The book is at once 
n autobiography of its author and an 
radar in 1935 
during the succeeding 
its many applications through 


long 


count of the genesis of 
its development 
ears and 
out the war 

The ‘three steps” were respectively the 
cathode-ray direction 
the development of radar and the 
institution of systematic Operational Re 
search but much of the story of these 
achievements is written in a style so 


invention of the 


finder 


great 
pompous, so pedantic and so full of in- 
circumlocutions as to 
Much of the 

unnecessary, much of the 
be described as exuberant 
Many of the sentences are 
not only far too long but they are broken 
up by such a prolixity of qualifying ad 
jectives and phrases and by such frequent 
use of explanatory parentheses as to leave 
the reader in doubt as to which is the 
main subject verb and object until he has 
read the sentence two or three times 

ind even then the meaning is often ot 


For example, on page 133 


become 
matter 1s 


volved 
most tedious 
irrelevant and 
text can only 


verbosity 


cure 
Hence our insistence on * supplemen 

and not integral in the 
special sense that the emergency system 
must be something that would work after 
i fashion, providing such information as 
could be obtained (a) without a direction 
finder, and (b) without the particular high 
speed computer (which we visualised by 
equirement but not by a design to meet 
the requirement) that would eliminate the 
effect of mis range-cutting 
this it would do by finding such solu 
tions as were compatible from computa 
tions based on the changes in range te 
Observations spaced 


tary integral ° 


issociation in 


tween 
osely in 
Apart 

mars so 


successive 
time.” 
from the exaggerated verbiage 
much of this book, the 
sentiments are badly shaken 
pages by the unashamed and 
boastful egotism of its author. Why, oh 
why. need we te told that one of his 
schoolteachers had told him (in 1938!) 
that he had been “her most brilliant 
scholar ever” or that she had recom- 
mended him for a special prize for 
‘general excellence”? And why need 
we be irritated by stupid and puerile puns 
on almost alternate page? It 
may amuse a childish mind when reading 
or example, the chapter dealing with the 


which 
reader's 
every few 


every 
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need for higher powers on centimetre 
wavelengths to note the title of the chap 
ter—* Wanted! Watts on Watts!” 
[‘‘ Watts ‘n’ watts” would have been 
funnier! Ed.j]—but it is little short of 
infuriating to the adult reader 

Ihe second half of the book is far more 
interesting and the style far less irritating 
than the first. Sir Robert's factual ac- 
count of the early days of radar, the diffi- 
culties, administrative as well as technical, 
with which he and his team had so often 
to contend, his descriptions of the bril- 


liant successes of radar and the true 
background to one or two of the tragic 
failures (e.g. Pearl Harbour and the 


“ Gneisenau"’ incident) 
valuable contribution to the 
history of our times To Sir Robert 
Watson-Watt, more than any other single 
man, we owe the winning of the Battle 
of Britain; few will deny after reading 
this book, written though it is by his own 
hand, the tremendous part he played in 
the final winning of the war 


Scharnhorst ” 
all form a 


There are many lessons to be learned 
from this story but their learning would 
have been far easier—and far more cer- 
tain—if only some experienced journalist, 
armed with a plentiful supply of blue 
pencils, had been commissioned to elimin- 
ate the verbiage, the irrelevant, and to 
reduce by half the length of the text 


G. R. M. GARRATI 


Symposium on Vacuum Technology 
1956 


Edited by E. S. Perry and J. H. Durant. 257 pp. 
50 figs. Royal 8vo. Pergamon Press Ltd. 1957. 
Price £4 10s. 
NE cannot but envy the lively inter- 
change of information between pure 


and applied physicists at the many 
specialist conferences in America. In 
many fields these specialist conferences 


are annual events and the conference 
reports published by the American Insti- 
tute of Physics show how wide is the 
range. Of course, many conferences on 
specialists’ subjects are convened here, 
but one gets the impression that the 
Americans place a greater emphasis on 
the conference as a medium for develop- 
ing a subject, particularly in technology 
Understandably, its greater population 
permits the organizing of conferences 
devoted to topics which would not be 
practical here. Also, one must recognize 
the adverse effects that military secrecy 
must have had on the free interchange 
of knowledge generally, and that it has 
apparently become difficult for American 
scientists to organize International con- 
ference in their country. This apart, the 
reviewer believes that an American tech- 
nologist has a better opportunity of learn- 
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to criticism 


ing and submitting his work 
under conditions of live debate than many 
of his counterparts here; this undoubtedly 


is the 

In 1953 a committee on vacuum tech 
niques came into being in the U.S.A. “to 
sponsor symposia on vacuum technology 
and to assist in the dissemination of 
related knowledge.” Since then, three 
annual symposiums have been held and 
the contributed papers published. The 
work reviewed here is for the 1956 con- 
ference at which some forty papers were 
read and grouped in the published 
material as follows Fundamental 
Developments in Vacuum Technology; 
Methods and Techniques for obtaining 
High Vacuum; Instrumentation, Controls 
and other Vacuum Devices, Vacuum 
Distillation; Metallurgical and Chemical 
Applications; Technical Subjects of Cur- 
rent Interest 

Such a wide range of subjects sets a 
task beyond the critical capacity of the 
reviewer, who will confine himself to dis- 
cussing a few of the papers and the 
general presentation of the reports 

One or two papers set a high standard 
For example on the theoretical side that 
by Dayton on ‘Gas Flow Patterns at 
Entrance and Exit of Cylindrical Tubes’ 
develops earlier work by Clausing, and 
that by Cooke on ‘An Inherent Error in 
the Knudsen Effusion Manometer and 
Method of Correction’ in which it 1s 
shown that the effusion method only gives 
a correct value for the vapour pressure 
when the diameter of the effusion hole is 
reduced to zero, a result one can obtain 
by extrapolating data obtained with 
different hole diameters. One can see here 
the correctness of the idea that the means 
of measurement interferes, however 
imperceptibly, with the normal equili- 
brium of the system being studied, but as 
Cooke shows, many workers using 
different size effusion holes have 
attributed the effect to experimental error 
and plotted their results to obtain a mean 
value. Perhaps it was an oversight that 
made him use the symbol ‘u’ for viscosity 
in a book on vacuum technique! 


situation in vacuum engineering 


In the papers On vacuum pumps it is 
of interest to read of the experiences of 
Gale using a titanium getter/ion pump 
for exhausting X-ray tubes, and Gould's 
pioneering intention to use larger, but 
similar, pumps on the particle accelerator 
half a mile in diameter at Brookhaven 
Gale’s paper is marred by over condensed 
writing, but the effect he and other 
workers have observed on the increased 
pumping rate of titanium in the presence 
of ionized gases differs with the results 
obtained by Wagner for barium, and there 
is an interesting study of the effects of an 
ionized atmosphere on the pumping rate 
of getters awaiting the attention of a post 
graduate worker. Attention is given to 
mechanical boosters (Rootes type 
blowers) by German and American 
workers, and to the steam and water 
ejector by Blatchley. Such pumps are 
intended for operation at intermediate 
pressure and are used in large scale 
industrial processes. However, there is no 
discussion of the vapour booster pump, 
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which using conventional vacuum fluids 
may have an exceptionally high backing 
pressure and provide high pumping speeds 
from 2mm down to 10-*mm Hg. These 
pumps have been well developed in this 
country, and because of their pumping 
range have proved’ valuable for 
metallurgical purposes such as melting 
and casting in vacuum. The analysis by 
Hickman and Kinsella of the factors 
influencing the design of a diffusion pump 
is of interest, and one wonders whether 
the resultant pump with its novel boiler 
could possibly te the final and ultimate 
form. 

Of interest in the section on instru 
ment design is the brief description of the 
‘acoustical’ vacuum gauge by Schwarz 
Such gauges depend on the energy lost 
by a vibrator to the surrounding gas 
which is a function of pressure. Schwarz 
does not deal with the theory of his gauge 
which, depending on the pressure range, 
may lose energy by direct molecular im- 
pulse of viscous flow (an_ interesting 
theoretical paper on the acoustic absorp- 
tion coefficient of gas has been recently 
published by Edmond & Lamb in Prox 
Phys. Soc., 71, 1958, 17) 

Nerken’s article on the flow 
through leaks is of practical value in 
showing the range of tube dimensions 
and pressure over which the laws of either 
molecular or viscous flow apply, but it 
could have been improved by relating the 
results to the general expression devel- 
oped by Guthrie and Wakerling and 
Ochert and Steckelmacher which -was not 
mentioned, 

The article by Preuss on evaporation of 
radioactive materials requires the inser- 
tion of a square root sign in the formula 
for evaporation of alloys on page 145 


of gases 


An interesting paper showing the grow- 
ing relation between the work of the 
vacuum engineer and high altitude flight 
is that by Maslach on ‘ Design and 
Operation of a Hypersonic Low Density 
Wind Tunnel’. He states that “the de 
velopment of low density wind tunnels 
for the simulation of high speed, high 
altitude flights is probably one of the 
least publicized use of modern vacuum 
technology ” He describes the tunnel 
at Berkeley in which a pressure of 85 
microns Hg. (40 miles equivalent altitude) 
can be obtained with an air current of 
3in diameter, streaming at a velocity of 
2 380ft/sec at a temperature of 65°K 

Now to a general view of the collected 
papers. The editors have obviously been 
accommodating with some 25 per cent of 
the contributions and accepted work 
which should have been more thoroughly 
edited. This charge refers to many 
papers from workers who obviously have 
not the harassed existence of the indus- 
trial scientist and thus, one can only 
believe, did not take the publication as 
serious as its motives warranted. Un- 
doubtedly, the common language is 
becoming more than ever cleaved by new 
idiomatic usages. Surely, however, there 
must be bad American as there is bad 
English? Thus one learns that equa- 
tions, like drinks, are ‘set up’ and that 
an experimental result may * show 
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dramatically and points up the impor- 
tance”. These criticisms apart, the com- 
mittee on Vacuum Technology is doing 
valuable work, and they should consider 
publishing their symposia in less costly 
format, so that it is within the reach of 
workers who want to te informed of 
general advances 


L. HOLLAND 


Industrial Electronics 

By A. W. Kramer. 311 pp. 60 figs. Royal &vo. 
Sir Isaac Pitman & Sons Lid. 1958. Price 346s. 

HE material for this book has been 

drawn from many sources; from the 
Transactions and Proceedings of technical 
societies such as the American Institute 
of Electrical Engineers and the Institute 
of Radio Engineers from articles in elec 
tronic and radio magazines from manu 
facturers’ data and from other 
sources 

It is primarily a book for 
have a good knowledge of general physics 
and engineering but who have had very 
little training or experience in electronics 
To a certain extent it is a beginner’s book 
It explains, step by step, in simple and 
concise language and without the use of 
mathematics, what electron tubes are, 
how they work, how they evolved and 
how they can be used 


various 


those who 


Process Instruments and Controls 
Handbook 

Edited by M. Considine. 552 pp. 250 figs. Royal 
8vo. McGraw-Hill Publishing Co. Lid, New York 
and London. 1957. Price £7 6s. 6d. 

AKEN in its entirety, this book gives 

a comprehensive and detailed com 
pilation of descriptions and data relating 
to instrumentation and control. It gives 
numerous examples of application to 
show how the devices and principles des 
cribed can be used in a variety of indus 
tries 

Among the subjects covered are mea 
surement standards, primary elements, 
measurement systems, indicators and 
recorders, automatic controllers, timers, 
electric and pneumatic telemetering, final 
control elements, fundamental principles 
of process control, and mathematical 
techniques for solving automatic control 
problems 


Kempe’s Engineers’ Year Book 1958 
3000 pp. Crown 8vo. (Two volumes in case.) 
63rd edition. Morgan Bros (Publishers) Ltd. Price 
82s. 6d 

MONG the alterations and additions 

to this edition are those under the 
headings of ‘Railway Engineering’ 
‘Aerodynamics’ * Aircraft Propulsion’, 
‘Electronic Engineering’, and * Atomic 
Power’. Every section and sub-section 
of the book has received the attention of 
a specialist in that field, and details of 
established developments in modern prac- 
tice are included. 


The 79 chapters of these volumes 
cover practically every branch of engi 
neering. 
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hy 
JAMES MOIR 
M.L.E. 


The latest volume in the series of 
Advanced Engineering Textbooks 
sponsored by the British Thomson- 
Houston Company. A most com 
prehensive book by an author who 
has spent about twenty years in the 
development and design of a wide 
variety of high quality 
reproducer systems and in studying 
their performance in the acoustic 
conditions of auditoria of different 
characteristics. 


sound 
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dynamic 
technique 


Your organisation, 
however efficient, needs 
the driving-power of 
up-to-the-minute 
technical knowledge. Let 
SMITH’S supply you 
with the books that you 
must have to keep you 
fully in touch with the 
newest engineering tech- 
niques and the latest 
advances in research and 
operational economy. 


@ Volumes not in stock can be 
obtained for you, and we shall 
be pleased to supply a list of 
standard works on any subject 


WwW. H. SMITH 
& SON 


HEAD OFFICE : 
STRAND HOUSE, LONDON, W.C.2 
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ELECTRONIC EQUIPMENT 


A description, compiled from information supplied by the manufacturers, of new components, 


A.M.-F.M. MODULATOR METER 
lilustrated below) 
Airmec Lid, High Wycombe, Buckinghamshire 
HE modulation meter type 210 may be 


used to measure the percentage 
modulation of amplitude modulated 
signals and the peak deviation of fre 
modulated signals in the carrie! 

range 2-25Mc/s to 300Mc/s 





luced sensitivity is pos 
600M ¢ 
to 100 per cent and 
itions up to 
may be measured in the modulation fre 


up to a trequency ol 


Modulation de 


hs up 





100kc /s, 


quency range 30c/s to 10kc/s 


Outputs at the intermediate frequency 


of 750kce/s and at low frequency are 


ivailable from terminals on the front 
panel These outputs enakle the modu 
ated envelope of the input signal and 





the demodulated Signais to be ocserved 
on an osciioscope 

The limiting action of the instrument 
is so effective that it can be used t 


measure spurious frequenc modulation 


xccuring on amplitude modulated signals 
changes of 


amplitude 


Furthermore mean carrie! 


level when modulation 
isured to’an accurac 
I per cent 
One of the most attractive 


the instrument is tts sim 


ipplied can be me 
f better 


detter than 


plicity of opera 
tion. The tuning control is adjusted unti 
i meter reading 


is obtained, and the input 


attenuator idjusted for full = scal 
deflexion It is then only necessary to 
switch to the a.m. or one of the f.m. pos 
tions to oftain a direct reading of 
modula‘ion 
pH METER TEST SE! 
/ istrated « ve rient) 
A. M. Leck & Co. Ltd, Prudential Buildings. 
79 Union Street, Oldham, Lancashire 
i ig Lock universal pH mieter test set 
is a simple instrument for quick] 
checking and localizing faults on pt 


meters, and on pH electrode systems anc 
for assisting in the checking and setting 
up of industrial pH measuring, recording 
and control gear 

This pH test set consists basically of a 
long life dry cell across which is con 
high stability resis 


i potentiomete! 


nected a number of 


tors forming These rests 


ELECTRONI( ENGINEERING 


accessories and test instruments 





ors connect to a multi-position selector 
switch which selects an increasing voltage 
ited in a clockwise direction 


equal to approximately to 


is it 18 rot 


each step Feing 
2pH units 
A number of inte! 


for connecting 


, 
connecting leads are 


provided to the pH meter 





under Two output connexions to the 
pH meter are provided, a low impedance 
one, and a high impedance one of 
ipproximately 250M to simulate the 
high resistance of normal glass electrode 
bk my 


RE-PUMPING EQUIPMENT 
Illustrated bel 


Edwards High Vacuum Ltd, Manor Royal. 
Crawley, Sussex 


mw) 





jb RE is a_ considerable interest 
throughout the country n recondi 
tioning of cathodeé-ray tubes for subse 
quent resale, and many electrical com 
panies are successfully undertaking this 
type of work. One of the most important 
processes 1S, ot course the actual 

pumping of the tube and Edwards are 

inufacturing a special pumping unit for 
this purp 

This outfit consists of a “Speedivac 
1S5O ro vacuum pump displacing 


1 


ipproximately 1-7ft*/min, backing a type 
103 oi] diffusion pump capable of attain 
mm.Hg 


in final vacuum of 5 = 10 
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The diffusion pump ts fitted with a ther 
mosnap switch for protection if the cool 
ing water supplies should fail and a fluid 
economizer is mounted in the lacking line 
to reduce the amount of oi! lost from the 
rest of the system, thus enabling the 
system to te left under vacuum when the 
unit is switched off. Other safety switches 
and non return supplied for 
the compleie protection of the plant in 
the event of power failure 

The top surface of the catinet is made 
from heat resistant material and the neck 
gripper of the cathode ray tube is water 
cooled so that the tube may te baked in 
an oven prior to sealing. The complete 
plant is entirely 
floor 


28in the 


valves are 


self-contained and occu 
approximately 
being 


pres i 


16in x 


Space ol 


cabinet 30in high 





MINIATURE MONITOR 
OSCILLOSCOPE 
(illustrated above 

Bourne Engineering Co. Ltd, Abbey 
St. Albans, Hertfordshire 


Mill, 


HE Uniscope has been designed as a 

building ‘brick’ for monitoring 
forms, noise or any other suitable para 
meters in electronic equipments 

It is sufficiently small to be built into 
even the smaller absorb- 
ing more than a minor part of the avail 
able space, and is sufficiently cheap to be 
used in all important parts of a large 
installation, By this means, most con 
venient monitoring facilities may be pro 
vided completely 
external apparatus. 

The Y amplifier 


Wave 


panels without 


independently of 


sensitivity is up to 
1V/cm with a bandwidth of 10c/s to 
300kc/s. The time-base is continuously 
variable from 25c/s to 1Skc/s. The over 
all dimensions are 44in x 4in 34in 


UNIVERSAL OSCILLOGRAPH 
Illustrated above right) 


Southern Instruments Ltd, Frimley 
Camberley, Surrey 


Road, 


HIS new type of cathode-ray oscillo 
graph has teen developed to provide 
1 multi-channel recording equipment of 
great flexibility. The 3in diameter record- 


ing tubes are separate from the main 
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shafi speeds can be me ed. The 


1 | 


inge covered Ceing 6VU to 1 ) y i 


PRESS-NUTS 
(ilustrated below) 


Instrument Screw Co. Ltd, Northolt Road, 
South Harrow, Middlesex 



















i bw Rosai i Mh. piess-nu pi uc 
i ew and faster way t J eb | 1 GceT 
ipped holes in thin sheet met Thi 
equipment, housed in a cabinet to which a wtco cs and sma “i —- “ ~ 
the camera and optical system are fitted he existing devices, needs only one hole 
Power supplies and driving vol a is shake-proof and, requires acce 
supplied to a master distribution panel in °"* side of the sheet only for fix 
this unit by means of flexible cables fron The Rosan press-nut is manufactured in 
in ampufier console this country under licence fron The « lit consists of two identic 
Within the recording unit the tubes are American designers by the Insti ; nplifiers incorporating cathode followe 
mounted in adjustable clamps on a short screw | as Ltd ; , nputs and calibrated attenuators. Eac!l 
steel column Th S is fixed to a base sliding . ser tomlin som ei = ats oS amplific followed by an_ identic 
on railsand enables the tutes to temoved °"*" : . re om trigger circuit w h generates a pulse 
towards or away from the camera lens 2"Y ‘read to special requiremen the pomt where the signal crosses tl 
nN a precise manner. Thus, the user can ix The pulses are then passed to the 
ilter the conditions with ease and photo metering circuit where they determine 
grapn aS many oO! the faces as he the relative dut cycles of two valves 
needs. It is obviously le to install forming a flip-flop circuit. The differentia 
a simple equipment in the first place and of ti du ( C indicated on the 
subsequently to add tubes and ampiifiers f t is phas isurement Since the 
to provide further channels with a min instrument indicates the difference it 
mum of expense and inconvenience jase where the two signals cross thei 
Iwo models are available, providing up x he inst ent ively insensi 
to six and twelve channels respectively war distortior 


with time marking 


NON-DESTRUCTIVE 


j 


rACHOMETER I , ASH TESTER 


(lilustrated below) 
Revo Electric Co. Ltd, Tipton, Staffordshire 


| iS is a general purpose instrument i‘ instrumen( is designed for tne nor 
for the measurement of speed and lestructive batch testing of com 


/ i hetow) 


Labgear Lid. Willow Place. Cambridge 











frequency. It may be used to measure Fixing the nut is simp! , Grill o ponents or other breakdown applications 
almost any rotational speed by means of punch a hole in the sheet to the correct it voltages of 250, SOOV, I1kV, 1°‘5kV and 
a photo electric transducer supplied with size. Insert the smaller flange nt the 2kV a.c. These voltages are selected by a 
the instrument Ihe tachometer is hole. Place a hollow punch ov e nut h grade ceramic switch controlled 
useful for measuring speeds of small and strike sharply once or twice. Th fror the ront panel. Owing to the 
mechanisms as no load is imposed on the impact forces the sheet metal to flow int negligible int of current flowing in 
object whose speed is being measured the space between the flang locking the circuit under test, this instrument i 
The light source in the transducer s the press-nut securely in place The teet! completely not thal even at maximum 
provided from tatteries so that no trouble of the serrated flange broach themselves oltage Indication of breakdown 1 
is experienced from light ripple. The into the parent metal preventing ior bserved on a oving-coil met the 
transistor amplifier is also contained in pointer of which is adjusted to a red mark 
the transducer and operated’ from L.F. PHASE METER on the dial before the circuit under test 
batteries so that the transducer is com nnected. Indication of break« is 





pletely self contained and may be used 
with other instruments capable of accept 
ing a 2V_ peak waveform. Individual! | ee phase meter type 206 has been 

designed to enable measurements of 


Airmec Ltd, High Wycombe, Buckinghamshire 


transducers can te supplied for specific 


applications gain, attenuation and phase shift to be 

The minimum frequency of the instru made on any tour-terminal network 

ment iS c/s but by employing operating in the Irequency range 20c/s to 
100kc/s 


Phase is indicated directly on a 6in 
meter having four scales, and gain or loss 
values are indicated by the difference 
between two attenuator settings 

Input signals are connected to the 
instrument via two cathode followe 
probes having input impedances of 12M° 
Measurements are made by adjusting tI 
ittenuators in each channel to g 
dard meter deflexion, phase displace 
ment then being indicated directly on th 


meter when the ‘select’ switch is turned 


to ‘phase.’ The range of input level on 
either channel is ImV to 1V and insertion 


ses and gains of up to 60dB can 





therefore be measured 
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hown when the meter pointer falls below 
the red mark. Two heavily insulated 
terminals on the front panel are provided 
for the attachment of a test jig for the 
components under test. The main feature 
of this instrument is that a component or 
circuit may be tested to breakdown point, 
ind beyond, without damage. The whole 
instrument is housed in a strong steel 
case. Other test voltages up to 10kV can 
be supplied to special order 


WIDE BAND ATTENUATOR 
(/llustrated below) 


Laboratories Lid, Roebuck Road, 
Chessington, Surrey 


Wayne Kerr 
HE type Q.251 is a light, compact and 
portable 7582 attenuator of high 

ind stability for use in the fre 
range 0 to 60Mc/s 


iccuracy 
quency 

The instrument is symmetrical, and is 
constructed in three well 
tions giving an attenuation range otf 
0 to 61°5dB in 10dB, 2dB and 0-5dB steps 
The accuracy up to 20Mc/s is 0-1dB and 
0:3dB at 60Mc/s 


The attenuator is of 


screened sec 


robust construc 
tion and is housed in a light alloy case. If 
required, the instrument can be supplied 
without the outer incorporation 


in existing 


case for 

equipment 
[he overall 

S4in x 34in 


size of the attenuator is 
44in weight 441b 


MINIATURE PANEL INSTRUMENTS 
(Illustrated above right) 
The English Electric Co. Lid, Stafford 


COMPREHENSIVE range of ‘minia 
ture’ a.c. and d.c. panel instruments 
is the latest addition to the products of 
the Instrument Division of The English 
Electric Company. These are d.c. perma 
nent magnet moving-coil instruments 
with rectifiers for operation on 4.c., 
frequency range 20c/s to 10kc/s, and 
with thermocouples for high-frequency 
applications up to 1Mc/s. All types are 
supplied in black Bakelite phenolic cases 
and have nominal scale lengths of 2in, 
24in and 34in in square pattern 
24in and 34in round pattern cases, and 
3in and 4}in in 3in by 4in by Sin by 6in 
rectangular cases 
The design incorporates a_ sintered 
composite anisotropic magnet with mild 
steel pole pieces. Bearing centres are jig 
bored in relation to the centre pole of 
the magnet system, the jewelled bearings 
being located in the die-cast movement 
holder. This construction gives good 
mechanical stability and high flux density 
with low leakage flux, ensuring high sensi 
tivity, low power consumption and a high 
torque/weight ratio Sword shaped 


cases 
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fitted as standard, but knife 
anti-parallax mirror if 


spade pointers are 


pointe! S are 
edge (with 


required) and also 

available 
Accuracy of all 

to B.S.89-1954, 

figures for SmA 

being: 

Torque / weight ratio 


instruments conforms 
typical performance 
sensitivity at full scale 
4 Newton 
Dyne 


87x10 
m/kg (87 
cm/g) 
0°3090 Webers/ m2 
(3090 gauss) 
consumption 47-uW 


Flux density 


Powe! 

Laboratory tests show that the instru 
ments can withstand shocks of up to 200g 
in any plane and that the movements are 
not affected by repeated oscillation and 
severe vibration conditions 


VIBRATION INDICATOR 
(/llustrated below) 
Dawe Instruments Lid, 99 Uxbridge Road, 
London, W 


N inexpensive, simple yet accurate 
vibration indicator has become avail 
able for routine testing and vibration sur 
veys, for which the full scope of elaborate 
equipment is not required 
Known as the type 1414 vibration indi- 
cator, the unit consists of the instrument 
itself and of a probe, which are connected 
by means of a cable. The probe, held in 
contact with the object under investiga- 
tion, generates an electrical signal which 


is amplified and indicated on a mete! 

This seif-contained indicator measures 
83in x 32in x 2}in and weighs only 
24lb, so that it can be held in one hand 
It is capable of giving a direct reading 
of peak acceleration, velocity or displace 
ment of vibration. The required measure 
ment is instantly obtained by turning the 
control knob to position A, V or D. Two 
additional positions provide for the 
periodic checking on the meter of the 
condition of the built-in h.t. and Lt 
batteries. Turning a second contro] knob 
cuts successive stages of the resistive 
attenuator into the amplifier input cir 
cuit to provide six ranges in steps of 
approximately 3:1 

The vibration pick-up is of the 
inertia-operated crystal type delivering a 
voltage proportional to the acceleration 
of the applied motion up to a maximum 
value of some 10g. Velocity and displace 
ment readings are obtained by the use of 
single- and double-integrating networks 
The pick-up housing is 3in diameter 
by 24in high, the weight with the 8in 
long extension probe shown in the illus 
tration being IIb. The extension probe 
makes it possible to check vibrations in 
locations which are difficult to reach 
other wise 


as 


SUB-MINIATURE COAXIAI 
CONNECTORS 
(/llustrated above 

Sales Services, Pathway, Radlett, Hertfordshire 


HIS new range of ‘micro’ electrical 

connectors has been designed for high 
grade electronic equipment, the com- 
ponents being particularly serviceable in 
compact and miniaturized assemblies 
With suitable cable, the connectors can be 
used for linking purposes in connexion 
with single and multi-channel instru 
ments, and can be mounted close together 
to form a concentrated test panel: they 
are ideal for portable instruments and 
piezo-electric devices 

The plugs and sockets are sufficiently 
robust to withstand many industrial appli- 
cations in addition to the more exacting 
demands of the laboratory; they are 
therefore of considerable interest to 
designers engaged in all aspects of 
electronic engineering 

For chassis mounting, the 
are designed in different forms for 
special types of fitting, and can be 
screwed, bolted, riveted, or connected to 
the structure. Cable terminations may be 
screw-clamped or moulded, and 3mm 
cable, suitable for use with these connec- 
tors, is available from the cable 
manufacturers 


connectors 


MARCH 


1958 





Short News Items 


The Radio Industry Council has an 
nounced the award of five premiums of 
25 guineas each for articles published in 
the public technical press during 1957 
The premiums to be presented at a 
luncheon of the Public Relations Com 
mittee of the Radio Industry Council on 
Thursday, 10 April, were awarded to the 
following 

“Heat Contro] in 
ment” by | N. Shaw, (R.R.E 
Malvern) Electronic Engineering, 
January, February, March 1957 

“An Alternative Colour TV System 
by | J. Gargini, (E.M.1. Research 
Department Wireless World 
August, 195 

‘Cleaning by Ultrasonics by I 
Atherton, (Mullard Ltd 
Division) British Communications 
and Electront March 
“Speed Control in Industry” by 
E. J. P. Long, British ( 
tions and 1 
December, 1957 
‘Component 
by L. W. D. Sharp 
Component 


Electronic Equip 


Equipment 


1957 


ommunica 
Novembe 
January, 1958 
Printed Circ 
(The Plessey Co 
Division), British Con 
Electron April, 


tronics 


munications and 

1957 

A total of 53 articles published during 
1957 were together 
1956. Up to six pre- 
miums of 25 guineas each have been 
awarded annually since this scheme was 
inaugurated in 1952. The object of the 
scheme is to make more widely known 
throughout the British achieve 
ments in electronics development 


submitted with five 
tram 


%< 


late entries 


world 


The 15th Annual Exhibition of The 
Television Society will be held at The 
Royal Hotel, Woburn Place, London, 
W.C.1, from 4-6 March at the following 
hours: 4 March, 11.30 a.m.-8 p.m.; 5 
March, 12 noon-8 p.m.; 6 March, 12 
noon-7 p.m. A wide range of equipment 
and new apparatus will be demonstrated, 
including colour television receivers 
The exhibition covers many facets of the 
television field. Admission will be by 
ticket only, available free from_ the 
Secretary, Television Society, 166 Shaftes- 
bury Avenue, London, W.C.2, or from 
any exhibitor 


The British Sound Recording Asso- 
ciation will not be holding an exhibition 
this year, for it is felt that the Audio 
Fair is successfully catering for the 
demand for such an exhibition. The 
Audio Fair Committee have kindly given 
them a demonstration room at the 
Waldorf Hotel, Aldwych, London, for 
the period of the Audio Fair (18-22 
April), and it is intended to use this to 
publicize the Association to a greater 
number of interested people and to 
attract new members, as well as to give 


a service to the existing 
Further information 
fram Mr. S. W 
Coombe Gardens, 


membership 
may be obtained 
Stevens-Straten, 3 
New Malden, Surrey 


The Managing Director of 
Laboratories will not be 
sonal invitations to 
visitors to the International Instrument 
Show. Unfortunately this is no longer 
practicable owing to the large increas 
in attendance, but concerned a 
invited to write to 57 Union Street 
telephone HOP 4567 for tickets 


B. & K. 
per- 


years’ 


issuing 


previous 


| 


those 


rhe Second International Conference 
for Analog Computations wil! be held ir 
Strasbourg from l Septemb I 
will be 


inalog computation 


conference devoted to the 
systems ol 
numerous applications, and 
nexions between the 
and the arithmetical 
putations in 
mation may be obtained from 
i H Raymond, Secrétaire 
(sencra de Associ iO Inte 
pour le Calcul Analogique 
138 Boulevard de Verdun, Cor 
(Seine), France 


analogical n 

methods of con 
Furthe 
Monsieur 
Délégue 


electronics info 


The Thirteenth Annual Electronics 
Exhibition and Convention organized by 
the Northern Division of The Institution 
of Electronics will be held during tl 

10-12 and 14-16 July it =the 
Manchester College of Science and Tect 
The exhibition will consist of a 
Manufacturers’ Section and a Scientific 
Industrial Research Section 
ing exhibits of interest to all 
of science and industry. The convention 
will include a series of lectures and film 
shows on topics. Admission 
will, as formerly, be free of charge 
Further particulars may be obtained 
from the Honorary Exhibition Organizer 
Mr. W. Birtwistle. 78 Shaw Road, Roch 
dale, Lancs 


periods 
nology. 
includ 


and 


branches 


electronic 


Ihe University of Liverpool, Depart- 
ment of Extra-Mural Studies, are arrang- 
ing an Easter vacation course on Basic 
Principles of Nuclear Engineering from 
13-19 April. It is a residential course of 
sixteen lectures, together with demon 
strations, discussions, and a tour of the 
work at the University Nuclear Physics 
Laboratory. The inclusive fee for tuition 
and residence will be £15 15s. Further 
information and enrolment may 
be obtained on application to the Direc 
tor of Extra-Mural Studies, 9 Aber 
cromby Square, Liverpool 7 


forms 


Evershed and Vignoles Ltd have found 
it necessary to open a branch office in 
Belgium. It will be under the manage 
ment of Mr C. Samyn and will open at 


the beginning of April The whole range 
of electrical instruments, instrumentation 
and control equipment, will be 
ivailable through this office for 
the Belgian Congo 

of Luxemburg Mr 
ponsible to the 


strument 


mad 
Belgium 
ind the Grand Duchy 
Samyn will be res 
Company's Overseas In 
D vision 
and 


International 
Controls Division 
The address of this new office is Evershe« 
& Vign Ltd, Succursale, 142 Ri 

Ay t ISsels 


and 


Instrumentation 


Multimusic Lid, newly 


Ww INsidia 


of Rudmar 

Rudman Dar 

of Wednesfield 

iffords The manufacture of the 
ype “ Reflectograph 


being t 


lington (Electronics) Ltd 


insferred to ; 
mel Hempstead adjac 


8 


Cawkell Research and Electronics Ltd 
new company which has been forme 
extend th ictivities of the 
\ I Cawkell Electronic Engineers 
The Directors are Mr \. E. Cawkell 
(managing) and Mr. J. Rotheroe The 
in products will be, as formerly, ele« 
lic instruments. By associating witl 
ther< & Mitchell Ltd 
company may 
equipments satisfy 
trend of combining elec 

ronic and mechanical 


control 


former 


precision 
mechanical engineers, the 
ilso manufacture 
the increasing 
device in pre 
The address for 
the time being is 6-8 Victory Arcade 
Southall, Middlesex, but the company 
will shortly be moving to new premises 


systems 


cision 


The Broadcasting Corporation of the 
Federation of Rhodesia and Nyasaland 
recently came into being. The new Cor 
poration has its headquarters in Salis 
bury, and the responsibility for running 
the Federation's broadcasting services is 
now in the hands of a Board of Gover 
nors, headed by the Chairman, Sir 
Robert Hudson. The Director-General 
of the Corporation is Mr. J. McClurg 
recently of the South African Broadcast 
ing Corporation, and there are three 
Controllers in charge of the English and 
African Services of Administration. The 
Chief Engineer is Mr. J. M. Reeves who 
was previously Broadcasting Engineer to 
the Northern Rhodesia Government 


Letters to the Editor have had to 
omitted from this issue on 
the space which has been 


ZETA and its instrumentation 


account 
devoted 
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when you need 
equipment wires 


for operation 


* 


temperatures... 


tirade 


at high 





BRITISH INSULATED CALLENDER’S CABLES LIMITED, 21 SLOOMSBURY STREET, LONDON W.C.1 











MAKING TOROIDS 


THEN USE...THE 


BOESC 


FULLY AUTOMATIC 


COIL 
WINDER 


THE FASTEST 
IN THE WORLD a 


Y 
Wy 





WZ 
Y 
Y 
Vi, 


Yi 


iy 4 
Vij 


ti Wy 
ty 


Yh 





itt 
“ Vy; 


Yy/. 


ONE LEVER ONE FAND 
controls . nsert 
clan ping 
ind speed removes 


of shuttle finished coi 





MG GVRVQ{({§‘‘ve 
S RA 
MMA WN MX VS WV 





in winding toroids on a BOESCH machine a finished coil can be removed and a new one inserted 
ready for winding, in the time it took you to read this far. No need to remove shuttle or other parts 
BOESCH fully automatic machines just can’t help winding consistently uniform coils. Production 
speeds are the world’s fastest and the model TW 200 winds all types of magnet and film wire, 
including silk, cotton, Teflon and sleeve covered wire from 21 to 46 S.W.G. Toroid size ranges from 


0.218” 1/D to 5” O'D. Standard equipment includes predetermined turns counter, pre-set length of 
WRITE FOR FULL DETAILS TO DEPT. E.E.4 








wire counter, etc 


DEVONSHIRE HOUSE - VICARAGE CRESCENT - LONDON - S.W.1!1 + BATTERSEA 5549. 





For more information X 71217 
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MANIFESTLY... 


“FM. deviation ts maintained sensibly constant at all carrier 





frequencies in every band by feeding the reactor valve from the 

a.f. source via a continuously variable potentiometer, cathod: 

follower, and ganged attenuating system, while A.M. is applied 
to the last harmonic multiplier in order to overcome the 


Spurious f.m. often encountered vhen n dul ng 


an r.f cillator directly 


Sask cca ass 





t’s to be expected that a lad familiar with the exploits 
| of Dan Dare, nuclear fission and analogue computors 
4 would be knowledgeable about a relatively simple 
ty strument like the Marconi Signal Generator Type 
TF 995A /2— but are vou as well-informed? Do vou 
know that it has a frequency range of 1.5 to 220 Mc 


ey 





and an output range of 200 mV to 0.1 uV? That it has 
a built-in crystal calibrator and direct-reading incre 
mental frequency control? That it is F.M. or A.M 

or both, simultaneously ? Such basic facts about what 
is a Standard unit of telecommunication test equipment FM/AM SIGNAL GENERATOR 
should be known to every electronic engineer. If you Type TF 995A/2 

don’t know them, don’t be too shy to admit it— write ee ae ae 
for leaflet J 111 which describes this Signal Generator M Pwards. SOU : \ 0 mV at 52 and 


=. «ff 
lt 


es 


il detail LOOK lula , ble up t } 





MARCONI! INSTRUMENTS LTD sT ALBANS HERTFORDSHIRE TELEPHONE sT ALBANS Sé!Ié6é!i 
London and the South Marconi House and, Lond WV 2 Te Vent Garde 234 
Midlands ; Marconi House, 24 The Parade, Leamington Spa. Te 1408 \ j 30 Alb Street, Kingston-ur a Tel - Hull Central 16347 
WORLD-WIDE REPRESENTATION 
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to 102 


We are pleased to announce that our range of 

BTA (1W.) and BTS (4W). resistors has been extended 

down to 102. We can now supply these resistors from 

stock in the preferred values from 102 to 22MQ 
Please write for full details 


DU SNE DE 


DUBILIER CONDENSER CO. (1925) LTD., DUCON WORKS, VICTORIA ROAD, NORTH ACTON, LONDON W.3. 
Grams: Hivoltcon Wesphone London 
DN 204 








Phone: ACO 24 
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... with Valveholders, 
Cans and Earthing Straps 
of tested design and 
proved reliability for 
Printed Circuit Use. 


€ Proved reliable tulip shape contacts 


. = Mouldings support contact tails so they 
are readily flattened on copper foil for 
reliable soldered joints 


eS Snap in centre screens to retain 
valveholders prior to dip soldering 


& Valveholders ‘‘stack'’ so no risk of slow 
assembly from bent contact tails. 


- C.F.W. finish, exclusive to Cinch, 
developed specially for dip soldering. 


3S Separate snap in Earthing Straps for 
screening Cans __ fit them where required 
on standard valveholders 







* Similar B7G Valveholders and Cans are also available 
together with other vaivehoiders for Printed Circuits and 


Printed Circuit components 





CARR FASTENER COMPANY LIMITED - STAPLEFORD - NOTTINGHAM 


Representatives: THE BENJAMIN ELECTRIC LIMITED TOTTENHAM .WN.17 


MARCH 1958 y7 ELECTRONK ENGINEERING 


[- 


+. 


ml 


ww 


— ANH 


2 


—_ 
= 


=O 


WORSL 
EY BR 
LOWER IDGE R 
SYDENHAM : pene 
ON: 














NOW AVAILABLE 
FOR 
PROMPT DELIVERY 


SERIES ‘K’ 


with 6, 12, 18 & 22 contacts 
CONTACT CENTRES .156” 
END FIXING 


so/der-cups or rivet ends 


* 


SERIES ‘KKM’ 


with 6, 10, 12, 15, 18 & 22 
contacts 


CONTACT CENTRES .156 
END FIXING 


0older-eyelet 


* 


SERIES ‘KM’ 
with 14, 21, 31 & 37 contacts 
CONTACT CENTRES .078° 


END FIXINC 


* 


: | Polarising-pins can be fitted ir 


| position (This applies to each series) 


rr ee 
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ELECTRO ™ 
METHODS. 


Hi 


Cor a, 








— the foremost manufacturers of 


printed circuit 


connectors 





* 
GOLD-PLATED CONTACTS 


made from spring-tempered phosphor-bronze 
provide low contact-resistance, 
prevent corrosion and 
facilitate soldering. 


* 
MELAMINE MOULDINGS 


conforming to B.S.S. 1322 
provide high arc-resistance, 
high dielectric 
and mechanical strength. 


| ELECTRO METHODS LTD. 
17-41 Caxton Way, Stevenage, Hert 











yourséct/ 


HOW LONG 


does it take ? 


HOW MUCH 


does it cost? 
to produce an experimental chassis 


If you don’t already know, please 
spare a while to find out. 


Then, when you are horrified by 
the answers, spare a little more 
time 


to 


investigate 


LEKTROKIT 








LEKTROKIT 








THE VERSATILE ELECTRONIC CONSTRUCTION SYSTEM 


Avoid the delays of layout, drawing Keep the work in the Laboratory under 
and metal fabrication. the designers’ control. 

Modifications to design cause no Designed for almost unlimited 

problems. expansion. 

Saves Time. Saves Mone,. 


Write or ’Phone for Full Details to :— 


BYFLEET 441! 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 
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X band isolators 



























a aac meeall | 
ee 
Low power isolator L250 
Ihe X-band ji t | 
Dn ent 
! 
Ie Ba ‘ 
tre " { 
i | ? | 
the t I 
Triic ive rt ’ 
fields of 
iav0Ta 
High power isolator L261 
This is a non-reciprocal waveguide 
compone nt havi gv an insert 
in the direction of propagati n of less 
than IB and a reverse loss f 
r greater than it at «so the centre ‘ 
tre < T he Da 1dtl ich 
that ‘ I é f 1¢ M S 
< tre M« the erse 
i reater than i¢ B ! the 
I ert n | remal le in 
I } I iril inte led tor tf h 
power radar apy lications, thi X-band 
isolator provides a use tul ancillary t 
microwave laboratory eq lipment 
Design features 
Mullard Low attenuation in the direction of propagation. 
Permanently magnetised. 
SPECIALISED ELECTRONIC : 
EQUIPMENT Preset centre frequency. 
Good bandwidth and matching characteristics. 
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Universal Oscillograph 
Recording Camera 


For use with any standard oscillo- 
scope 


Type M731 for 35 or 70 mm 
film or paper. Stills, continuous- 
feed to 100 inch/sec., and drum to 
1200 inch/sec 


F = 3-inch f/1.9 lens 









our Type 731 


Camera Brochure will be gladly 
sent 


mm request 








Proprietor 





SOUTHERN INSTRUMENTS 
CAMBERLEY 


SURREY 
Telephone No 


2230 (3 lines) 
Minrak 





LTO 
Camberley 
Telegraphic Address Camberley, Surrey 
FEFCTRONI(C 


ENGINEERING 


MAR‘ 


Hi 


1958 



























APPLICATIONS 


Stabilized Power Packs 
Relay devices 

Relay operating devices 
DC Motor control 

DC Generator control 
DC Converters 


| D Sinusoidal Oscillators 
V3 0/ 160 LP Relaxation Oscillators 


POWER TRANSISTOR 95 !. 


MAXIMUM RATINGS 


Collector Voltage 30V 

Collector Current 3.0A 

Junction Temperature 75 C 
Collector Power Dissipation |0W 
on 50 sq. in. of 16 s.w.g. Alumir 
Thermal Resistance 2 C Watt 





NEWMARKET TRANSISTOR COMPANY LIMITED 


EXNING ROAD+- NEWMARKET + SUFFOLK: Jeles e:F ket 338/ 4 








TA 279 






MARCH 1958 103 ELECTRONK ENGINEERING 























Oo Y 
x 
“Ces \\* 


ELECTRONIC ENGINEERING 














md 
— 




































































— 


























> —H 



























































































































































4 'o, «mer at 
ft 
a 
. 
N 

























































































Improved cable clamps on the new range of our Miniature 


Hermetically Sealed Co-axial Plugs and Sockets will with- 
stand a pull of up to 3§ Ibs., and are suitable for use with 
Uniradio 70 cable. 

They have been developed and Type Approved to 
Inter-Service Requirement under R.C.S. 322 and are 
freely interchangeable with the types which they supersede. 

The new types are hermetically sealed and 100%, pro- 
duction tested. Sealing capsare available for uncoupled units. 


MAGNETIC DEVICES LIMITED 


A. 1. D. & A. R. B.—Approved 


Exning Road, Newmarket, Suffolk 


Phone: Newmarket 3181/2/3. Grams: Magnetic Newmarket. 
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Vapotron 
Vapour - cooled 


Power Valves 





For the first time in Britain, Power Valves 
using the Vapotron technique for cooling 
are now available. Ediswan have three types ready” 


and others under development. 


For radio frequency heating and wherever 
large power has to be dissipated the 


Vapotron has distinct advantages over 


conventional water and air cooling ESV 1500 
methods. Full details of these advantages ESV 892 
will gladly be sent on application ES Vv 1002 





EDISWAN manufacture a wide range of 


industrial and transmitting valves. 





EDISWAN 


(Industrial Valve Division) 


SIEMENS EDISON SWAN LTD. 


15S CHARING CROSS LONDON w.c.2 


RRAR RAS AM A AF WAN 


MARCH 1958 EFLECTRONI 





AVAILABLE TYPES 








ENGINEERING 





THE VALVES FOR J BAND OPERATION 


> 
> 
~ 


2 MAGNETRON TYPE Ms55 


= A 


This is a new packaged magnetron for 
pulse operation in J Band with a peak 
input power rating of 240 kW. Par- 
-ticular care has been taken to 
produce a compact, rugged valve 


—~, 
%s for air-borne applications 


THE M555 
can be supplied for fixed 
frequencies within the range 


14,000 to 16,500 Me Se 
KLYSTRON TYPE K343 
This is a low voltage reflex klystron for 
J Band operation with a minimum power 
output of 20 mW at 350 volts. The moulded 
KLYSTRON TYPE K346 base and flying leads specially commend it for 
This is generally similar to type K343 with mech- high altitude operation. It has mechanical tuning 


anical tuning from 14,500 to 17,000 Mc's. covering the range 12,000 to 14,500 Mc/s. 


Both these klystrons, which may be used in conjunction with the M555 or in other 
J Band applications, have 30 to 80 Mc/s electronic tuning. The output connections 


are American type UG419/U feeding into No. 18 Waveguide. 








ENGLISH ELECTRIC VALVE C0. LTD. IE) ae ae 


iPso 
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22 contacts 
‘Wedgelock” rivets 


And fully type approved* 


Recommended for top performance 


and communications equipment, 
G.A.2 switch provides dependable lo 


ndet arduous service conditi 


SPECIFICATION 


Contact Resistance 


The | Plessey G.A.2 switch 


¥% Type Approval Cert 


@ Up to 22 fully insulated contacts per wafer @ Providing for unusual contact arrangements 


(double-wiping, self-cleaning type) 


@ 30 Index (12 positive switching positions) @ Roller Click Index mechanism, if required, 


for special applications 


Desig 


COMPONENTS GROUP - SWITCH UNIT - THE PLESSEY COMPANY LIMITED - NEW LANE - HAVANT - HANTS 


Overseas Sa LFORD 
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FALKS Lighting 
you the following 
@ Study of you 


eithe 


° Recon i 


endation of 


method of lightingandtyp 


@ Preparation for your approval of lighting 


lay-out plans and estimates. 


INDUSTRIAL LIGHTING IS A MATTER 
FOR THE SPECIALIST 


91 FARRINGDON ROAD LONDON EC1 and branches « Telephone: HOL 7654 


FALK, STADELMANN & CO LTO 


London Showrooms: 20/22 Mount Street Park Lane London W1 + Telephone: MAY 5671/2 


AP20 
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1000 times a minute! 


The Varley S.M.O. solenoid is the first of a range of miniature solenoids 
being developed for the electronic and accounting machine industries. 
It can operate about 1000 times a minute through } in 
Varley make Solenoids of all shapes and sizes 
to push or pull anything from ounces to thousands of pounds. 
If you need to push, pull, press, prod or punch—dy remote control— 
investigate the applications of Varley Solenoids. 


They are 100°, British in design and manufacture 
For full details of Varley Solenoids send this coupon 


OLIVER PELL CONTROL LTD. 
CAMBRIDGE ROW, WOOLWICH, S.E.18 


Please send me illustrated booklet ** VARLEY SOLENOIDS” 
Please arrange for a technical representative to call on me 


a NAME 
COMPANY 
REGD. TRADE MARK ADDRESS 


Woolwich 1422 


OLIVER PELL CONTROL LIMITED 
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It doesn’t matter whether you call it... 


ine CARPENTER eoisrizes retay 
or the Carpenter POLARIZED Relay 
or the Carpenter Polarized RELAY 


itis the polarized relay, with the UNIQUE combination of superlative 
characteristics, that has solved, and is continuing to solve many 


problems in. 


High speed switching - Control 


Amplification . Impulse repetition 


for - Industrial recording 
Aircraft control and navigational equipment 
Automatic machine control 
Analogue computers 
lemperature control 
Servo mechanisms 
Submarine cable repeaters 
Burglar alarm and fire detection equipment 
Nuclear operational equipment 
Biological research 


Theatfe lighting **dimmer”™ 
and colour mixing equipment 


Teleprinter working 

Automatic pilots 

Remote control of Radio links 
Theatre stage-curtain control 
Long distance telephone dialling 


V.F. Telegraphy 
CO, CIC, Clic. 


Therefore —if your project, whatever it may be, calls for a 
POLARIZED relay, with high sensitivity, high speed without contact 
bounce, freedom from positional error, and high reliability 

in a wide range of temperature variations, you cannot do better 
than use a CARPENTER POLARIZED RELAY. 


Write or ‘phone for technical data 


TELEPHONE MANUFACTURING CO. LTD. 


DEPT 407 HOLLINGSWORTH WORKS, DULWICH, LONDON, SE2I 


TELEPHONE: GIPSY HILL 22I1I 
\ Basic 


with several variat 


purposes 


FLECTRONK ENGINEERING 





for 
rie Point Curves 
MUTEMP HTC and LTC, 
MUIt Force 100 oerste 


Magnetising 
; 


Measurement of the change 
in characteristics with 
temperature 


Application of a 
MUTEMP compensator to a 
domestic kWh meter. 





MUTEMP: a temperature-compensating alloy 


This alloy, for use in electric instruments subject to wide variations 
in temperature, is now available in two distinct grades. The two 
grades ensure satisfactory coverage for a wide range of temperature 
change. It will be seen from the curves that MUTEMP LTC has charac- 
teristics suitable for the low temperature and: HTC for the higher 
temperature ranges. MUTEMP is supplied in hot-rolled sheets up to 


18 ins. wide and in thicknesses ranging from -125 ins. to -020 ins. 


Full details may be obtained from our current catalogue, where 
its temperature characteristics are set out at three standard 
magnetizing forces, 2, 18 and 100 oersteds. 


RICHARD THOMAS & BALDWINS LTD 


LAMINATION WORKS : COOKLEY WORKS, BRIERLEY HILL, STAFFS. 
MIDLAND SECTION OFFICE : WILDEN, STOURPORT-ON-SEVERN, WORCS. 
HEAD OFFICE : 47 PARK STREET, LONDON, W.! 

Our Cookley Works is one of the largest in Europe specializing inthe manufacwre of 
laminations for the electrical industry 
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... from morning ull night the Brayhead 
\ Valveholders are something which really make 
us justifiably proud. Many types have been 
designed to suit all needs, and with printed 
w)) /}/ circuits in mind they have proved completely 
YY versatile and competitive in price without falling 








from the very highest level of efficiency. 





These are some of the features which put the 
Brayhead Bg9A Valveholder way out in front. 






@ Free-seating contacts (prevents damage to 
valves). 





@ Removable and replaceable contacts (no 
chance of solder running into contacts). 






e Contact soldering to chassis if required. 





e Wedge and spring locking action of can to 
saddle (no ‘rock’ or earthing noise). 






With body moulded in ceramic or phenolic material 
with extremely low-loss properties and screening cans in all 
standard sizes and finishes, the Brayhead B9A Valveholders 

are unsurpassed in design and construction. 








Write for full details and descriptive leaflet 








BRAYHEAD (ascot) trp. 


FULL VIEW WORKS - KENNEL RIDE - ASCOT - BERKS ~- Tel: Winkfield Row 427/8/9, or Ascot 1907/8 and 437 - Grams: Brayhead Ascot 
We look forward to seeing you at the R.E.C.M.F. EXHIBITION, April 14th - 17th, STANDS 170/171, Park Lane House. 
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70 Mc/s 


saebevceptcomeletleyic 
tetrode range 
extended 


ad 
i) 
ele) (eye.) =_—— - 


Here is a new six watt double tetrode for low cost 470Mc/s mobile equipment. This compact 
valve features a frame grid and the same unique twin construction as other Mullard double 
tetrodes —a construction which provides high efficiencies, high power gain and heater economy. 
Other features of the QQVO2-6 include built-in neutralising capacitors which enable circuitry 
to be simplified, and low inter-electrode capacitances which allow wide tuning ranges to be 
achieved and which contribute to high efficiency. 

Write to the address below for full details of the QQVO2-6 and other Mullard double tetrodes. 


BASE é BIA CHARACTERISTICS 

CATHODE indirectly heated (each section) measured at la 25mA, Va = Vg 150V 
gm 10.5mA/V 

HEATER (Centre tapped) 1g’-g" 3) 


Parallel : ao TYPICAL OPERATING CONDITIONS 

‘< 7 ome Telegraphy or F.M Telephony A.M 
CAPACITANCES f 470 470 Mc/s 
*ca-g’ (each section) less than 0.16pF Va 180 180 V 
cg’-all (each section) 6.4 pF Veg" 180 180 V 
ca—al! (each section) 1.6 pF la 2 x 27.5 2x20 mA 
cout (two sections in push-pull) 0.95pF pa 2x 2.1 2x15 W 
cin (two sections in push-pull) 3.8 pF Pout 5.8 4.2 W 
Pload 4.5 3.4 W 


THE MULLARD DOUBLE TETRODE RANGE 


. the most comprehensive and efficient in the world 
Typical F.M. Power Output 


i QQVO?2-6 5.8 watts 

u rs | ma QQVO3-10/6360 (CV2798) 11 watts 
SN rhe QQVO3-20A/6252 (CV2799) 25 watts 
COMMUNICATIONS AND ; QQVO6-40A/5894 (CV2797) 56 watts 


INDUSTRIAL VALVE DEPARTMENT 


* Internally neutralised for push-pull operation. 


MULLARD LIMITED - MULLARD HOUSE 
TORRINGTON PLACE - W.C.I + Tel: LANgham 6633 


® MVT343 
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By specifying JMC standard 

headed contacts you can 

relieve stock problems for 

delivery of almost any quan- 

tity can normally be made at once. 

To this, add the advantages of lower cost, sound design and maximum operating efficiency. The 
stock answer to many problems of contact selection — and a convincing one is the adoption of 
JMC standards. 


ONE OF THE SPECIALISED PRODUCTS OF 


Johnson <> Matthey 


A series of technical data sheets is free on request 


JOHNSON, MATTHEY & CO., LIMITED 
73-83 HATTON GARDEN, LONDON, E.c.!. Telephone : Holborn 6989 


Vittoria St., Birmingham |. Telephone : Central 8004 75-79 Eyre St. Sheffield 1. Telephone : 2921/2 


2. 4 
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Now’! Four new all-electronic sweep oscillators 


simplify measurements 3.95 to 18.0 KMC! 














-hp- 684 Series Sweep Oscillators 


Now -hp- offers + new electronic sweep oscillators 


covering the G, J, X and P bands, respectively. 


These new 684 series instruments all have a wide range of 
sweep speeds so measurements of reflection, attenuation, 
gain, etc., can be displayed on an oscilloscope or 

recorded on X-Y or strip-chart recorders. Either CW or 
swept rf output is available. 


The 684 series oscillators use new backward wave 
oscillator tubes whose frequency is shifted by varying an 
applied potential. Troublesome mechanical stops or 
tuning olungers are eliminated. Sweep range is continuously 
adjustable and independently variable; sweep rate is 
selected separately ; either can be changed without affecting 
operation. Full band width can be covered in time segments 
from 140 seconds to 0.014 seconds. 


Swept rf output is linear with time, and a linear sawtooth 
is provided concurrent with each rf sweep to drive an 
oscilloscope or recorder. Sweeps may be triggered 
electrically externally, or manually. 
HEWLETT-PACKARD COMPANY 
Represented by: 
LIVINGSTON LABORATORIES 


RETCAR STREET + LONDON, N. 19, ENGLAND 
Tel: Archway 6251 
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Cover full band, or any part 
Use with ‘scope or recorder 


Direct reading, independently 
adjustable sweep range 
and rate controls 








TYPICAL SPECIFICATIONS 


Below cre specifications for -hp- 686A Sweep 
Oscillator, 8.2 to 12.4 KMC. Specifications for 
-hp- 684A (G band), 685A (J band), and 687A 
(P band) are similar except for frequency range 


Types of Outputs: Swept Frequency, CW, FM, AM 
Single Frequency Operation 
Frequency t y 
4kM 
Power Output: A! le 


tched woveg 


Swept Frequency Operation 
Sweep: Re ent. exte 
ecr with time 
Power Output: Ar le 
ver entire 8 
Sweep Range: A 
44 KM 
Sweep Rate-of -Change 
Mw se t KM ‘ 
Sweep Time 
rate; from 0.014 to 14 
Sweep Output 
tooth provided ot a front-t 
current with each 
Modulation 
Internal Amplitude 
continuously adjustable 
peck rf output power equals 
External Amplitude 
KC; 20 volt swing red 
rated cw output to ze 
External Pulse 
second moximum ation 
External Frequency: FM 
voltages 
Price: <hp- 684A (3.95-5-85 KMC) £929 
-hp- 685A (5.30-820 KMC) £929 
“hp- 686A (8.20-12.40 KMC) £1,073 
“hp- 687A (12.40-18.00 KMC) £1,275 
(Prices above are f.0.b. factory for cat 
net models. Rack mount 
£6 less,) 
Delivered ir K 
applicable 





Data subject to change without 
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; A NEW RANGE OF 
Nintalure’. Sp slrumerts 


*% DESIGNED TO HARMONISE WITH 
ALL MODERN ELECTRONIC EQUIPMENT 


% FIXINGS CONFORM TO ACCEPTED PRACTICE 
40 %& PRICES ARE HIGHLY COMPETITIVE 


i hy, 
/, 
“ays For utmost reliability all ‘“ENGLisH ELecTric’ miniature 

instruments have been designed with a higher-than-normal 
torque weight ratio in combination with lower power 
consumption. All types have been successfully subjected 
to the following tests: 
RESISTANCE TO IMPACT SHOCK OF 200g 

in any plane. 
VIBRATION FATIGUE TEST—two million cycies at 
peak resonant frequency. 
OSCILLATORY TEST—up to one million operations. 


20 30 


\ 


\yil! 
\\" 


Above: 2° square moving coil voltmeter 


SPECIFICATIONS B.S. 89-1954 and other 


International Specifications 


» coil for D.C applications 
sctiner moving coil for 
applications 
hnermo-couple operated moving 
for R.F. applications 


SIZES 


Square: 2”, 24° and 34° nominal 

scale lengtl 

R Pip 2 ’ Q 4,4 Above 4 tangul + 
ound: 2 and 34° nominal ~ 4 bove: 3° x rectangular absor 

scale iengt! 

Rectangular: 5°x 6° or 3°x4 


min > Left: 24" round moving 
nominal case size ‘ 
Over 50 standard ranges in any of the seven 


case types 
Delivery ex stock for sta 


Non-standard ranges 
fication within 21 days 


on request to The ENGLISH ELECTRIC Company Ltd., Instrument Department, Staff 


Yj BY | VAT 
if ARAEL YL t 


TRICAL ENGINEERS EXHIBITION 
ELecTr . t 


f howing 


STAND NO. N.11 ELEC 
r EN ish 
Transfor f S r, Fusegear, Gerr m Rectifier ( 
Elec Fquip t. M r Relays, Industria 

FHP M r i Welding Equipment 


THE ENGLISH ELECTRIC Company Limited, MARCONI HOUSE, STRAND, LONDON, W.C.2 
Veter, Relay and Instrument Division, Stafford 
” BY BRADFORD 


INS 43C8 
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| Plessey Precision Wound Components 





Plessey produce quality wound components for Plessey Precision Components are available to 


the communications and industrial electronics designers and engineers in publication No. 920 


industries. which also includes details of 
Sealed Transformers and Chokes 


Specification MIL-T-27A 


Specialist staff and manufacturing units are Hermetically 


engaged in the design, precision production and to American Military 


testing of services type approved components, as well as to .C.S. 214 issue 2, Humidity 


including for instance, oil-filled hermetically Class Hl. I.F. Transformers Discriminator 
sealed ‘C’ core transformers and chokes. Coils. Miniature R.F. Encapsulated Coils 


Reactors 


Information and design data on typical ranges of Filter Assemblies. Magnetic 


Toroidal Coils manufa 

Plessey include windings from 
(pen type ‘C’* Core transformer im internal finished diameter to Plessey provide a complete design 
pregnated in solventiless varnish to yutside diameter wire sizes ranging and winding service for ferro cerami« 
Inter-Service Specifications from 48 s.w.g. to 21 s.w.g red chokes and transformer 


COMPONENTS GROUP - COILWINDING DIVISION - THE PLESSEY COMPANY LIMITED - ILFORD - ESSEX 
England Telephone: Ilford 3040 


Overseas Sales Organisation: Plessey International Limited ~- Ilford Essex 
Lo On | 
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The Austinlite marginal relay 


TRONIC 


ENGINEERING 


c7tustinlite 


ELECTRICAL EQUIPMENT 


Tailor-made by 


STONE-CHANGE LTD. 


Makers of Sumo Pun 


Stone-Char 


CRAWLEY, 


MARCH 





A new 
Integrating Tachometer 


with temperature 


compensation 


and linearity 


better than 0°12% 


SPECIFICATION 


Type description 
Excitation (Voits) aa rd tite , 24 
Frequency (C.P.S.) an oa _ ; 400 
Input current (Amps) ’ ‘a ree i ; 130 


10ST2H Integrating Tachometer 


Input power (VVatts) ‘ ba ev - 1.9 
Output Gradient (per |,000 r.p.m.) ; sis + 2° 
Phase shift with respect to input at 3,600 r.p.m. nae ‘ 10 
In-Phase Fundamental at zero speed (mV) 2 
Quadrature Fundamental at Zero speed (mV) ‘ 6 
Total harmonic (mV R.M.S.) 5 
In-Phase axis error (mV) l 
Quadrature axis error (mV) | 
Linearity : up to 4,000 r.p.m. (percentage of voltage output at 3,600 r.p.m.) 12% 
Variation of output gradient with variation in ambient 
55Cto + 80C 
3% in magnitude 
50’ phase shift 
55°C to 80°C 
10 mV in phase 


temperature 


Shift in axis error with variation in ambient temperature 


8 mV in Quadrature 
Rotor Moment of Inertia (oz.—in2) 0.094 
Weight: 8 oz. for tachometer and | oz. for resistor 
Drive ‘ can be combined with 1.5” and |.8" diameter servo motors 


EASTERN AVENUE WEST ROMFORD 


EDDES HOUSE 
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The latest addition to the Ketay range 


of particular interest to Design 
Engineers currently engaged in the 
development of advanced computer 
equipment is an extremely accurate 
Integrating Tachometer 10ST2H 

Outstanding among its characteristics 
are temperature compensation and 
linearity better than 0.12%, Full 
details of this new Ketay product and 
of the full Ketay range are freely 


available on request. 


LIMITED 


ESSEX 


TELEPHONE: SEVEN KINGS 6050 


KI 
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will nia eos a PAs 6 are used 
in this new FATIGUE METER made by Mechanism Ltd. 


a ee ee ee ee Tt 


v 


y eer he 
. es 


oa — Deer Miers — 


i Lk Lk 


e _s “ 


Murex ‘Sincomax ’ 
magnets are used to 
meet the need for 
low leakage, high flux density, 
and magnetic stability 
Technical representatives are 
always available for consul- 
LE. & tation and advice. 
MUREX LIMITED (Powder Metallurgy Division) RAINHAM ~- ESSEX 
Telephone : Rainham, Essex 3322. Tele 28632. Telegrams : Murex, Rainham-Dagenham Telex 
ALES OFFICE: CENTRAL HOUSE, UPPER WOBURN PLACE, W.C.i Telephone: EUSton 8265 





—— HUMIDITY TEST CABINETS 
& TROPICAL | 
CHAMBERS — 











ACCEPTED FOR 
DEFENCE 
SPECIFICATIONS 
INCLUDING 
R.C.s. 1] 
kK. 114 
D.T.D. LO&B5SB Group of small ‘‘B-W"’ Testing Cabinets 
for components and sub-assemblies is illus- 


ETC. trated above (photo by courtesy of Nash & 
Thompson Ltd., Chessington, Surrey). 


OTHER “B-W’”’ PRODUCTS INCLUDE: FURNACES OVENS 
IMPREGNATING PLANTS, WAX KETTLES, ETC. 


WRITE FOR 

EQUIPMENT 

BROCHURE 
3ED 


BARLOW-WHITNEY LTD. 2, DORSET SQUARE, LONDON, N.W.1I. Telephone: AMBASSADOR 5485. Works: LONDON & BLETCHLEY 





BMJ 
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NIATURE RELAYS 


for 


Portable Electronic Equipments 


Guided Weapons 
Airborne Radar and Radio 


E.M.I. lightweight high-speed sub-miniature relays, measuring 


OVERALL only {j” x {", are designed for compactness and reliability 
HEIGHT 


B/ 
3 rhey are of the single-pole balanced armature type with long-life 


2 
platinum contacts and will withstand high accelerations 


Each relay is hermetically sealed and fully tropicalised 


sk Weight 0-7 oz. (20 grm 
~~ MAK DIA 7 - - ™ 
“s sk Operating ['emperature—4o C to 100° 


sk Operating Power 300 mW 


al- 


s~ *Maximum contact current 120 mA 


Ministry approved to RCS 165 and 


H1 classification. 


Type R1A and R2A relays 


2 and 24 volt operation 


s 


| 
| 
STAND No. 16 | Other E.M.I. Equipments include :— 
PHYSICAL ° 
SOCIETY | 
! 
| 
| 


EXHIBITION OSCILLOSCOPES - VIBRATORS - MICROWAVE TEST EQUIPMENT 


24th-28th Marc 


ACCELEROMETERS - STROBOSCOPES - TACHOMETERS 


~ 


) E.M.1. ELEGTRONIGS LTD + INSTRUMENT DIVISION 


HAYES + MIDDLESEX Tel: SOUthall 2468 (Ext. 1013 & 655) 
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fine skin wh 


PRECISION CASTINGS IN ALUMINIUM, GUN METAL, GREY IRON, ETC. TO ALL SPECIFICATIONS 


Phos. bronze and gun metal solid and cored sticks always in stock 


claim that our 
s. But we can g 
great satisiaction out 
o do we 


t 


ie 


casting 


That is why s¢ 


1 will readily anodise put their trust in Great Bridge Foundries 


THE GREAT BRIDGE 
FOUNDRY CO. LTD. 


heepwash Lane 


taffordshire 


A Member of the T 


Telephone 


Great Bridge Tiptor 


riplex Foundries 


i] 


TiPton 1540 and 136! 


Group 


of doing a job as well as it could 


»y many customer © casting 





See us at 
STAND No. Y9 


ELECTRICAL ENGINEERS 
EXHIBITION 


Earls Court 


MARCH 25-29, 1958 

















WAVEGUIDE SWITCHES 


RANGES: 


SIVERS LAB 


2450- 3750 
2600- 3950 
3300- 4900 
3950- 5850 
5850- 8200 
7050-10000 
8200-12400 
12400-18000 Mc's 


SIVERS LAB has designed and manufactured several 
waveguide switches for frequencies from 2600 to 
18000 Mc's, both manually operated and motor-driven. 
The switches are used in radar, enabling tests and 
measurements of noise and power to be made with 
antenna power at least 80 dB down. They can also be 
used for stand-by and diversity in microwave links, as 
switching tims of automatically operated switches is 
extremely low, down to 0.015 second. Their low VSWR 
of less than 1.05, in some types below 1.02, makes them 
suitable in laboratory use to speed-up tests on micro- 
wave tubes and components. 


KRISTALLVAGEN 18, HAGERSTEN 
STOCKHOLM—SWEDEN Telephone: 19 86 33 


EXPORT 
DISTRIBUTORS : 


B & K LABORATORIES Ltd. 
57 Union Street, 

London, S.E.!. ENGLAND. 
Tel: HOP 4567 


ANRU 
Wijnhaven 58, 
Rotterdam, 
Tel: 1159 90 


AS DANBRIDGE 

60C Frederikssundsvej, 
Kebenhavn, DANMARK 
Tel: AGIR 5920 


DRUA 

Avenue van Volxem, 205, 
Bruxelles, BELGIQUE. 
Tel: 44 30 76 


INTO OY 

Il Meritullinkatu, 
Helsinki, FINLAND. 
Tel: 62 14 25 


Ets. RADIOPHON 

50 Rue du Fg. Poissoniére, 
Paris 10e, FRANCE. 
Tel: PROvence 52-03, 52-04 


ODD TVEDT & CO. 
Legdesvingen 5a, 
Bergen, 

Tel: 94 762 


HOLLAND. 


NORGE. 
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let us demonstrate 


any of these superb 


~ 
\ 


SOLARTRON OSCIIlOSCcOpes 


~ ae . 
_— ~ 


write or "phone now for appointment 


Have you seen the new Solartron 
Double-Beam Solarscope CD 711 
being put through its paces? 
Now, for the first time, you can 
choose a double-beam cope of 
Solartron quality, embodying all 
the latest design features and built 
to the finest standards of clectronic 
and mechanical engineering 

Why not write or call us now for 
a demonstration of the Double- 
Beam Solarscope, or any of the 
eight other models listed below 
Specialist instrument engincers are 
immediately available to assist 
you, whatever your problem or 


field of application 


Max. D.« ) Mc at 100mV/cm 


| Co7ll seu 
| BANDWIDTH | 
| SENSITIVITY | 3mV/cm.—100 V/cm 
| YY CALIBRATION | Cal. shift. Accuracy 
| ‘X' CALIBRATION | Cal. time scale. Accuracy 
TIME BASE | Time scale 0.3, Sec./em 
'X’ EXPANSION | Continuously variable 
| SIZE & WEIGHT | 16° » 13° » 27 


ee 





BANDWIDTH Max. D.C.—20 Ke/s. | Max. D.C.—1 Mc/s. | Max. D.C.—5S Mc/s. | Max. D.C.—5 Mc/s. | Max. D.C.—10 Me/s. | 
SENSITIVITY 10 mV/cm.—10V/cm. | 3 mV/cm.—100 V/cm. | 0.25 Vicm.—5 V/cm. | 0.25 V/em.—5 V/cm. | | mV/cm.—10 V/cm 
| 
; | 1¢ | , Shift meter | Shift meter Cal. sensitivity 
‘ | Special facilities al. shift - 5 . podinee: 
Y’ CALIBRATION =| Special facriitic how Accuracy Accuracy +3 1 Ac io 
an r= | Caciitsio Cal. time scale ‘Cal Pips } sin Sine wave. Accuracy 
X’ CALIBRATION =| Special facilities | Accuracy ~ 10 wave. Accuracy ? 
| Sweep time 10 Sec. to Time scale Iu Sec./cm tiny yr Sweep time 100m.5S 
TIME BASE | 0.1 Sec 1 Sec./cm I c Iu Sec 


l 0.5, <~ 0.2, 7 | Continuou 





‘| cp7I5 | AD 557 cosig | cbse | CDS5I3 


X’ EXPANSION 
SIZE & WEIGHT 








| €Dbd523S | CD 814 CD 643 prices 
pee fp —b- ———| 

BANDWIDTH | Max. D.¢ 10 Mc/s | onstant Ic/s.—8 Mc/s a tD.( ‘“ 

phe cpo7ii £320 


SENSITIVITY mvV/cm 10 Vicm. | 30mV/cm 10 Vicm 100 mV/cm.-—60 V/er 
t Comparison method Cal. shift co7is £460 


Y CALIBRATION | pec aa / | Accuracy S Accuracy ? AD 557 4275 


; | al ale : | Pips’ | ‘Cal Pips’and brightup CG 7 el ee) , \ 
x’ CALIBRATION time Ca | ‘Ca i , cpsis £225 S@QLART, | | 


Accuracy 5 Accuracy 2 CD 568 £210 
abe hy Se a ee oy ee oe et ee el # 

‘X’ EXPANSION | . ) < pons oogee O pares => ray | omine ~ ee 
SIZE & WEIGHT " | Sh 104° * 19) aed 7 27} deep. CD 643 £490 








rf 





THE SOLARTRON ELECTRONIC GROUP LIMITED 


THAMES DITTON @ SURREY @_ Telephone: EmBerbrook 5522 e Cables: Solartron, Thames Ditton 








K PRECISION 


WIRE WOUND HIGH STABILITY 


RESISTORS 


Stability: 0.02°, Accuracy: to +-0.02°, 


Standard Tolerances: 0.05°.,5 +0.1°., 1°, OF 0.0102 whichever is 
Standard Range: 0.10 to 4Mo. — 
Standard Ratings: jw, iw, Iw and 2w. 

Temperature coefficient: (guaranteed) to + 0.002", per °c. 


Resistors are designed and manufactured to withstand extremes 
of temperature and humidity. 


Special types; higher and lower values and ratings; lower tempera- 
ture coefficients; and American equivalents, to order. 


PROMPT DELIVERY 
Further details from 


LAWRENCE ELECTRONICS 


Telephone: NORTH 3445 53 Hornsey Road, London, N.7 














Se Ae 
FOCO Sort [ 


FORMAPE X ay : : aminate LINAPEX ,y 
SILOPLAST 


OCOSEAL 
, igre TERAPEX §“Teryiens 
and tapes. Except FOILEX Fiexible synthet 


or Pp 





ANNIESLAND - GLASGOW W.3. 
1oco LIMITED Telephone: SCOTSTOUN 550!1-6 


EW 
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MOLEHILLS AN 





THIS EQUIPMENT, 
made entirely in the 
Broxlea works, is the 
heart of an electro- 
mechanical machine 
and contains no fewer 
than 34 inter- 
connecting cable-forms 
and 16,000 soldered 
joints. The picture 
below shows how the 
complete equipment 
is fitted into a wooden 
frame for road 
transport. 








MOUNTAINS 


Early in the development of a new electro-mechanical machine we 
were asked to plan and run prototypes of a few relatively simple 
cable-forms. Good work, we were told, could win further orders. 
And it did! In the succeeding months we took over all the cable-form 
making and then the job of installing them into a kind of “super 
junction-box”’ for supplying information to the processing or output 
end of the device. 

After the first prototype, we carried out both “pilot” and pre-production 
runs of this centrol equipment: the cable-assemblies were quantity- 
produced in our cable-form shop and “called off” in complete seis 
by the installers, who were responsible for wiring sequence and 
continuity testing. Each equipment leaves us on a specially-devised 
“sedan-chair’ and contains 34 assorted cable-forms totalling more 
than eight miles of wire and no fewer than 16,000 soldered joints 
Mountains from molehills? We like them when they grow like this! 


BROXLEA PRODUCTS LIMITED 


A.i.D.-approved sub-contractors 
PARK LANE, BROXBOURNE, HERTFORDSHIRE 
‘Phone: Hoddesdon 3091 2 
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MODEL ESSEX 52/FA 


/ & s Fully Automatic Machine 
/ specially designed for printing 
/ automatically small resistors 


with wires attached 





COMBINED MARKING & 
PRINTING EQUIPMENT 


© As used by Leading Manufacturers 
throughout the World. 


The Rejafix Machine will 

print on any shape and on any 
material as well as paper, 
cardboard, fabrics, etc. 


@ SIMPLE TO OPERATE @ ECONOMICAL TO RUN @ CLEAR PRINTING IN LONG RUNS 


REJAFIX: LIMITED 2:-83 FuLHAM HIGH STREET - LONDON - S.W.6. 


Telephone : RENown 5802-3-4 : Telegrams : Rejafix, Walgreen, London ‘ Cables : Rejafix, London 
STOCKISTS IN MOST COUNTRIES 








A WIDE VARIETY of metallic borides is now available in this country. 
With melting points up to 3,100°C, micro-hardness as much as 
3,400 Kg./sq.mm.,andelectrical resistance down to below 10 microohm/cm., 
News of these compounds open up interesting possibilities. Their resistance to 
corrosion both by noxious gases and by liquid or gaseous metals and their 
superior properties at elevated temperatures indicate their value for locations 
where inert character and resistance to deformation under extreme con- 


reat ditions are of importance. 
Borax Consolidated Limited can offer several borides of the more impor- 


tant metals such as Chromium, Molybdenum and Tungsten either in one 
or both of the chemically pure and technical grades, as well as the borides 
- of some of the less common metals, such as Titanium, Zirconium, Vana- 
im portance dium, Niobium and Tantalum. The chemically pure series has a minimum 
average purity of 99.8°, and a particle size of 10-50. The technical grade 
has a minimum purity of the order of 99°, with particle size averaging 
55-1044 


Please write for technical data sheets, which give the chemical analysis and 
0 a main physical characteristics of each compound 





See us for METALLIC BORIDES and ELEMENTAL BORON 








metallurgists 


BORAX CONSOLIDATED LIMITED 


BORAX HOUSI CARLISLE PLACE LONDON SwWi Telephone: ViCtoria 9070 


20 MULE TEAM Registered Trademark 
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ENGLISH ELECTRIC 


Britain’s leading manufacturers of ‘C’ Cores 


“ENGLISH ELECTRIC’ introduced ‘C’ Cores to Britain and established the 
Standard Inter-Service Range in conjunction with the Radio Compon- 
ents Standardisation Committee. The full RCS range of ‘C’ Cores anda 
comprehensive range of accessories are AVAILABLE FROM STOCK. 
Enquiries for *C’ Cores should be made to The ENGLISH ELECTRIC 
Company Limited, Transformer Sales & Contracts Section, East 


[ ancashire Road, I iverpooil, 10 Tk le pnone {/N ree 364] 


STAND No. NIL ELECTRICAL ENGINEERS EXHIBITION 
where ‘ENGLISH ELecTrRis s also showing 
Transformers, Switchgear, Fusegear Germanium Rectifiers, 
Control and Electronic Equipment, Meters, Relays, Instruments 
Industrial and F.H.P. Motors and Welding Equipment 


THE ENGLISH ELECTRIC CoOmMPAaNy LIMITED, MARCONI HOUSE, STRAND, LONDON, W 
Transformer Department, Liverpool 


woR,es: STAFFORD o x BY BRADFE 
TFL.28 87 
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“AIRMAX” FANS 


Registered Trade Mark 


IN THE ANTARCTIC 


With acknowledgments to Decca Radar Ltd. 


The illustration above shows a windfinding 
radar equipment in current production in 
which are installed two AIRMAX Fans for 
internal cooling purposes. 

This type of equipment is now in use by 
the Royal Society's Antarctic Expedition. 

Once again, an AIRMAX Patented Fan has 
been selected for an application demanding 
the highest standards in fan engineering. 

Our range of fans, trom | inch diameter 
upwards, is probably the most extensive 
available on any market. We have, for 
example, over 40 design variants on fans below 


es in diameter, both AC and DC 


STAND No. 98 R.E.C.M.F. EXHIBITION 
Grosvenor House i4th-1i7th, April 


A.1.D and A.R.B. approved On Admiralty List 


Contractors to the Ministry of Supply 


A. K. FANS LTD. 


20, UPPER PARK ROAD, LONDON, N.W.3 


Telephone: PRimrose 5969 
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Birch/ 
VITREOUS 
ENAMELLED 


RESISTORS 


FERRULE END TYPE 
(JOINT SERVICE — TYPE APPROVED) 
9 SIZES — 10 to 250 WATT 





Fully vitrified porcelain former, winding 
80/20 nickel chrome wire. High rating, 
liberal safety margin and tolerance. 


WIRE END TYPE 
7 SIZES — 1} 30 WATT 


Axial or radial leads, tinned, securely 
fixed to the unit and capable of support- 
ing the weight of the resistor, which can 
therefore be soldered in to equipment. 


Write for List No. 190 








ae 


Birch 


H. A. BIRCH & CO. LTD. 
WOOD STREET, WILLENHALL, STAFFORDSHIRE 


Telephone WILLENHALL 494 ° 495 Grams WILOHM VWELLENHALL 
LONDON OFFICE 1-5 NORTHOLT ROAD, HARROW, PITDDLESEX 
Telephone : BYRON 5120 
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\we put’Unbrako'Screws. 
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‘in. peidistinetive b 


‘onvisanyn! OY 


- 


UNBRAKO SCREWS COST 
LESS THAN TROUBLE 


There’s no substitute for quality. Even in this world of pruned prices 
and flattering imitations, Unbrako Export sales have increased by 
over 23% during the past year and are still increasing. This is surely 


positive proof that industry today recognises Unbrako Socket Head 


Screws as the finest insurance against costly breakdowns. 


Still not convinced ? Then take any Unbrako Screw and its equivalent 
imitator and test them both for tensile strength and fatigue resistance 
Test them under the most gruelling working conditions—you'll soon 


discover why safety cannot be bought at so called bargain prices. 


Specify Unbrako—they are distinctively packed for easy identification 
and your protection and distributed by reputable merchants throughout 


the world. UNBRAKO SOCKET SCREW CO LTD - COVENTRY 
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‘ZENITH 
NEW and IMPROVED 
““VARIACS”’ 


at REDUCED PRICES! 


Due to increased demand, up-to-date design practice and 
modern production methods, we are able to announce substantial 
price reductions on most “VARIAC” models 


A new comprehensive catalogue covering over 170 models is 
now available and will gladly be forwarded on request 


All “VARIAC”-*DURATRAK Transformers have a_ brush 
track treated in accordance with British Patent No. 693406, which 
produces a coating of precious metal alloy on the brush track 
surface, eliminating the possibility of deterioration due to oxy- 
disation, and reducing contact resistance. “VARIACS” with 
DURATRAK have longer life, increased overload capacity and 
maximum economy in maintenance 


The ZENITH ELECTRIC CO. Ltd. 


ZENITH WORKS, VILLIERS ROAD 
vasop. tppusaass WILLESDEN GREEN, LONDON, N.W.2 


Telephone: WiLiesden 6581-5 Telegrams: Voltaohm, Norphone, Londoa 











© = “7 &s 


Huntley Boome + Steve 


TIN BOX MANUFACTURERS AND LTD., 
London Office SHEET METAL WORK ERS Phone 


162, Fenchurch Street, E.C.3 


Mansion House 0302 ot b A D 5 N GQ ee 
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Katcliffe 


SPRINGS 


MARCH 1958 3 ELECTRONIC ENGINEERING 








TAKE YOUR PICK 


Our wide range of capacitors, incorporating all the very latest 
developments, are described fully in these new leaflets... 


AN SEND NOW for COPIES 


~._DALY has succeeded in maintaining full capacity values 
and working voltages in more compact designs, 
\ specially suited to ultra-modern equipment: 


_ PHOTO-FLASH EQUIPMENT DEAF AIDS 
_ PRIVATE TELEPHONE INSTALLATIONS 
AMPLIFIERS * D.C. POWER UNITS 

_ TRANSISTOR EQUIPMENT 
MAGNETISATION 

EQUIPMENT 

TEST GEAR 


ELECTROLYTIC. \ 
CAPACITORS ~~ 


Condenser Specialists for over 20 years> 
DALY (Condensers) LTD., WEST LODGE ao 


THE GREEN, EALING, LONDON, W.5. PHONE: EALING 3127-8-9. CABLES: DALCYON, LONDON 


“You can rely on us” 
for ELECTRONIC COMPONENTS FROM STOCK 


Ring EALING 5737 ERIE RESISTORS 20% 10% 5% on™ 

















MORGANITE RESISTORS MIDGET TYPE 
HIGH STABILITY 1% 2% 5% 
WIREWOUND SILICONE & VITREOUS WEARITE 


Large ranges of T.C.C. and Ene 
HUNTS Capacitors. 


Bu 
POTENTIOMETERS — MORGANITE COLVERN LGin 
DUBILIER + EGEN - COLVERN G 
AND MINIATURE TYPES a’ 


Oo 
TRANSFORMERS — Extensive range acts RP 
and special laboratory types made to 


RD & tion. 
Nro specification 








BELLING LEE 





“@ 


CHASSIS, COILS, INSTRUMENTS SPIT STATOR and GANGED CAPACITORS ETC ETC 


% We specialise in supplying Development Laboratories, Manufacturers, 


Government Research Labs., etc. CAN WE HELP YOU? 


RADIO SERVICING CO. 82 South Ealing Road, 


LONDON, W.5 
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PHILIPS . PORTADYNE 


1K 


EGEN ELEGTRIG supply 


PHILCO 
QNOWAVY 


wer 


We have made a special study 


of the production of 


PETO SCOTT 
NOISNsAFSIOZSY 


superfine gauge resistance wires, 
OVER 10,000,000 


and would welcome enquiries 


for all sizes in the range. 


MURPHY 


These fine wires are drawn 


BNOIN3934 


with extreme accuracy and 


components—variable, preset, 
have a high quality finish. 


MASTERADIO 


1380S 


Wound on special reels 
and supplied in plastic fixed, standard, miniature, 


containers for protection 


and storage. 


FERRANTI 
vyulin 


sub-miniature potentiometers etc 


YOOCIA 


e 
q 
e : 
€ 
£ 

r 

@ 
re 

g 

be 

s 


FERGUSON 


EVERY YEAR to the leading 


EKCO 


HSNnS 


radio and T/V manufacturers 


DYNATRON 


yossoo 


VACROM _(Nickel-Chrome) High resistance’ in 


Regd a limited space 


EVREKA (Cupro-Nickel) For precisicn work 


Regd with low temperature co-efficient 


COSSOR 


in GREAT BRITAIN 


aly 
¢i> 


NOYLVYNAQ 


MOLYBDENUM for filament support wires. 


BUSH 


EGEN ELECTRIC LIMITED 


OONS 


CHARFLEET INDUSTRIAL ESTATE 


ARGOSY 


CANVEY ISLAND - ESSEX - Tel: Canvey Island 691 /2 


ALBA 
NOSNOUS4 


VACTITE WIRE COMPANY LIMITED 
75 ST. SIMON STREET, SALFORD 3, LANCS. : : MASTERADIO FERRANTI 
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SOLDERING EQUIPMENT 


DCO ‘ACOUSTIC RECORDINGS 


(Regd. Trade Mark ) 


FREQUENCY RESPONSE OF 
LOUDSPEAKERS AND MICROPHONES 
co HEARING-AID MEASUREMENTS 
; + 


; 


(Mustrated) 
DETACHABLE 
BIT MODEL 
(List No. 64) 


& THE ACOUSTIC The Acoustic 
PROTECTIVE 


SHIELD TYPE MMP21 CONSISTS OF: 
(List No. 68) 


Recording 
RECORDING EQUIPMENT Equipment makes continuous 
recordings of all sorts of 
frequency responses. The 
regulating amplifier feeds 
the loudspeaker with a con- 
stant current or voltage or 
keeps constant the sound 
pressure from a standard 
microphone. All input- and 
Output-voltages are super- 





Beat Frequency 
Oscillator, type HO12 
2 to 20,000 cps and 20 to 40 kc/s 
Frequency Accuracy: 
0.5 + I cps 


Frequency Stability: 
3 cps h after 5 min 


Output: SW 
Available with | Mc/s warbling 
device 


Logarithmic Recorder, 
30 to 20,000 cps type NS3 


Voltage Ranges: 


vised by means of the built-in 
vacuum tube voltmeter. 
Automatic start of recorder 
and loudspeaker at  pre- 
selected frequencies and 
automatic stop at the end of 
a recording 


30, 50 or 80 dB (0 dB 
1OmV) 


RADIOMETER supplies: 
AF OSCILLATORS 
BRIDGES 
STANDARD-SIGNAL 
GENERATORS 
VACUUM TUBE VOLTMETERS 
WAVE ANALYZERS 


TESETEEEEEE ESSE SEEESSES SEES TE 


Paper Speed: 
4mm. per second 
50 seconds to make a con R-L 
plete recording 


THEE 


IETF 
s2RT 


Microphone Amplifier, 
10 to 40,000 cps type F33 
Amplification: 
10, 20...100 dB 
Frequency response n 
accordance with ASA 
standards. Coaxial and 
5-pole input (for con 
denser microphone) 
Condenser Microphone and 
Artificial Ear available for 
hearing-aid measurements. 


RADIOMETER 


72 Emdrupvej, Copenhagen, NV-3, Denmark 
Represented in Great Britain by 
Livingston Laboratories Ltd. 
Retcar Street, London, N.I9 


TARE ST 
Hi 


i 
+ 


nt 


i 
4 


Supplied for a Designed for Factory Bench Line Assembly 


HHH 





ADCOLA PRODUCTS LTD., 


GAUDEN ROAD, CLAPHAM HIGH STREET, LONDON, S.W.4 


Telephone: MACaulay 3/0! & 4272 
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LATEST CONTRIBUTION TO ELECTRONICS 


PRODUCTS 


By the newly developed Vacuum 
Switch 
telephone type relay an extremely compact and 
efficient unit is available for the control of high 
Up to 2Kv A.C. or D.C. at 2Kw, can be 
Alternatively the normal spring 


be fitted with up to six 


change over A 
version can also be supplied 


combining 


illustrated with our Series ‘“G' miniature 


voltages. 
directly switched 


contact assembly can 


contacts. hermetically sealed 
Diesel A 
Approved 


Plug in A 


srrent sensit 


onsores 


Write for leaflets M.T.R. for full details. 


Ma 


Z 


WARWICK ROAD 


ELSTREE HERTS. ELStree 2291-4 


Tele: 


Diesel Alcernato 
ternator 


ontrol Panels 
Telepr 


Diese 
Dri 


BOREHAM WOOD Yy)Wwa“tih 


Wo . S 
CK WW’ 


SSS MQ 


WL 


SK 





SEE US ON 
STAND 


K23 


ELECTRICAL ENGINEERS 
(A.S.£.E.) EXHIBITION 


MARCH 125-29 


XW, ™h™é éE'é' 


W 
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W 


GC 


OTHER PRODUCTS 


_ 


INCLUDE 


riff ts rT, . 
Flashers M 


QH 


amatic Control Panels ft Peak a 
Panels Air ct Zebra 
re Contact T nometers ercur 

Relays 


SS 
\S 


NS 


Miniat 


and D Adjust 
Contactors 
ns Fa Relays 
Automat Fi 
ne Type Relays G 
Repeat Starting U 
e ontrol nit. Transformer 
ke ming Relays. Earth 
d Hand Reset Relays 
H Series 


~S 
WS 


ve Relays 
lure 
cD 


Ma 
orescent | 
Series 

nit. Laund 


eakage Re 
Gala t 
Relay 


RVVVAanan~an~anng 
QG QI SS A WS 


elay 


WN 
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Insist on 


T.E.C 


Power & Distribution Transformers 
to 100 KVA, low voltage flash test 
and rectifier units, Metal work, 
Light assermbly, Slotted angles and 
Panel type Meters up to 3" 





SINGLE PHASE AIR 
COOLED “ST’’ SHROUDED 
TRANSFORMERS 

5 V.A. to 350 V.A. 


Full 
Catalogue 
on request :- 


The 
TRANSFORMER & ELECTRICAL CO. LTD. 


HONEYWOOD RD., BASILDON, ESSEX 
Telephone: Basildon 2049! /3 











4 Division of Van Norman Industries, Inc. 
186 GRANITE STREEI 
MIANCHESTER, NEW HAMPSHIRE, | 
Manufact of Commercial and Militarized 
cision Built) VHF-UHF Sweep & Signal Generators 
Associated Electronic test Equipment & Component 
to qualified 
Instrument Sales Representatives 


in the following countries 


S.A. 


irers (Pre 


wish appoint 


Cvs 


Eur pe rs€a 
UNITED KINGDOM 
BELGIUM 
DENMARK 
FINLAND 

FRANCE 
HOLLAND 

ITALY 

PORTUGAI 

SPAIN 
SWITZERLAND 
rURKEY 


AUSTRALIA 

INDIA 

ISRAEI 

PAKISTAN 

NEW ZEALAND 
UNION OF S. AFRICA 


We seek competent, technically qualified organizations 
contacts among all categories of potentia 


r equipment 


with good 
so1ro 


letail sting present principals to 


DIRECTOR OF SALES & MARKETING 


PRANSITRON, INC. 
4 Division of Van Norman Industries, Inc. 


186 GRANITE STREET 
MANCHESTER, NEW HAMPSHIRE, U.S.A. 


Write 
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—“MELTRONIC’ CERAMICOILS— 


~ AML 
ALLL yes 


These highly stable inductors, previously supplied to ranges and to customers specifications. The low loss, low 

special government requirements, are now made available temperature coefficient ceramic with silver anchorages 

to the industry for production, development and prototype and close tolerances combine to give maximum efficiency 

work Iron dust core tuned. 

Many designs and types are available to cover various 

Details and prices from 

MELTON ELECTRONICS LTD ~- 42 TOWNGATE STREET - POOLE - DORSET 
Telephone Poole 2044 


Manufacturers of the ‘MELTRONIC’ RANGE of transformers 











@ 


DONOVAN pesz-surr0v srerions 


* 
HEAVY 
DUTY 
PUSH- 
BUTTON 
STATIONS 





ORDINARY 
DUTY 
PUSH- 
BUTTON 
STATIONS 


2-Button ordinary duty 
Pushbutton Station, sur- 
face-mounting type. 


A selection from a large range of Surface, Flush, Splashproof and Pendant , lodels or Loose Unit 
; g - “ 
available in ordinary and heavy-duty models. Every unit is checked for circuit before dispatch. 


TRICAL CO. LTD + 74 GRANVILLE SI] BIRMINGHAM I 


DEPOT 22 PITT ST 


THE DONOVAN ELEC 


Sales Engineers available in London, Birmingham, Manchester, Glasgow, Belfast, Bournemouth 
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HEL!-COIL get 
PUSH-TYPE INSERTS connected 


THE READY-MADE THREAD FOR MOULDED 
MATERIALS sn 
Eliminate the need for solid brushings and tapping, use with 
HELI-COIL PUSH-TYPE INSERT the ready-made screw 
thread for moulded and plastic parts, tie cast alloys, 
powdered metals, all soft light materials and many hard 
metals. Pushed directly in drilled, cast, or moulded 
blind or through holes, this is the ideal low-cost, volume 
production, fastening method. A few shillings in tooling 
is all you need for up to 1,200 holes and more per hour 


for fatter. cheaper produdion 


Write for details to 
ARMSTRONG PATENTS CO. LTD BEVERLEY, YORKSHIRE 


BAP 9 








48 hour 


Prototype Service 


terminals. 


SMALL QUANTITIES ? 


EARLY DELIVERY OF HIGH STABILITY RECTIFIERS 
to any rating S. H. Collett Mtg. Co. Ltd. 


Electronic Dept 


- MOORSIDE, SWINTON, MANCHESTER : ; 
AUTOMATA (2°80: 7'4 349 Gonwains. Loncon £6 


a4 
w43 
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MINIATURE MICROPHONE 
LOUDSPEAKER 


TRIANON - ELECTRIC 


96, COBBOLD ROAD, 
LONDON, N.W.IO 


WIL 2116 











PLASTICS 
ENGINEERS 


The firm with the 
technical 


on FORMING and BENDING 


* 
ALL MOULDINGS 
in ACRYLIC, P.V.C. 
and STYRENE 
sheeting 


‘ know - how ’ 


* 
: INTRODUCING! 
" MIDAFOM EXPANDED 
POLYSTYRENE 
moulded to your requirements 


PLASTICS LTD 


PLASTICS UNIT: 34, HOXTON SQUARE, LONDON, N.! 


Telep e SHOreditch 7433/7373 














BIGGEST TIME € MONEY CAVER 
- WORK EWTON 
CLAMPING Werte 

5 ge tire CLAMP 


These plungers can exert a 
ressure of from 800lbs—4 tons 
Can be used in groups of any Sieniinnniie 


nurnber 


Minir 
POweR ACKS eo 
- 5 Send t 
J LIMITED @| 
MAYLANDOS AVENUE HEMEL HEMPSTEAD 
BoxmooR 180% RAMS WEWSOR 
"a 


d today for 
llustrated brochur 


243/P2 
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PLEASE 
WRITE FOR 


FO) 82) > Ge fy yd) LIST ‘RE’ 


ANERLEY WORKS - LONDON - SE2¢ 
Telephone: %& SYD 6258 
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so we took an egg 


as an indication of the small 
size and light weight of the Venner Silver- 
Zinc Accumulator. 


The H.075 accumulator weighs } oz., and 
is 14° high. The egg weighs 2 ozs. and is 
2)" high 


~ 


‘ 


VENNER ACCUMULATORS LIMITED 


KINGSTON BY-PASS ' NEW MALDEN ° SURREY 


fhe r 








MALden 2442 





CRAFTSMAN IN PRECISION 


CONSULTANTS in the design, development, and complete 
manufacture, wiring and installation of Radio and 
Electronic instruments 


SPECIALISTS in prototypes and small batch produc- 
tions of Radio, Radar ind Television Chassis ; 
Instrument Cases, Benches, Racks, Panels, 

Test Equipment Cases, etc 


A.D. Approved Ref. No. 6150/53 


——— 
' 
: 7 r4 
a 
ELECTRONIC DIVISION, 


— WEST LONDON IRON & WIRE WORKS LTD., 61, OSBORNE ROAD, ACTON, LONDON, W.3. 


ACOrn 2802 & 6567 Telegrams: RIVETIER EALUX LONDON 
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THIS/ is the motor 


FOR SEQUENCE SW CHART 
RECORDERS, PROCESS CONTROLLERS 
NSTRUMENTATION, AUTO-LUBRICATION, etc 


TCHING 


HU oe” SELF 
= STARTING 
i} 


* CONSTANT 
SPEED 


YEARS OF 
RELIABLE 
SERVICE 


WIDE 
VARIETY 
OF SPEEDS 


COMPETITIVE 
PRICE 


TUTE Eee 


STUUUUTUUAUETTEE LTTE 


SMM 
rotor bearings ensure long life. 
W rite 
now for full details of this compact. 


enclosed | IGHI Dt ry Motor Unit. 


SMITHS 


CONSTANT SPEED MOTORS 


Sintered bronze 


Power consumed 2 watts or telephone 


totally 


a] 


Ld & WA c 
RTLAND TREET ONDON WwW I ANegha 





The MICROBENCH 


TYPE 3930 





Pp a 


*X' BAND 
MICROWAVE 
TEST BENCH 


a 


DH UURNEN ANON EL NOON ENG HOOT 


MH 


exwrisition For routine comp nent test 


Write for 


Leaflet E 


MICROWAVE INSTRUMENTS LIMITED 


[T CHIRTON INDUSTRIAL ESTATE, NORTH SHIELDS, NORTHUMBERLAND 


3606/7 

















NEW MINIATURE 
PLUG-IN RELAYS 


* Full mechanical protection 
* Amazingly low cost 

* Samples normally ex stock 
* Bulk deliveries, 8 weeks 


Besson and Robinson Ltd. 


2 ASHLEY PLACE, VICTORIA, LONDON, S.W.I 
(TATe Gallery 0855/9) 


1 throug 
Oliver Pell ¢ 


METEOR com winpers 


i mi 
éa a) 








jown to No. 52 
gie or multiple 
to cause backlash 
lled t 


»y a Mag- 


ACBARS LTD. 


S7A HOLBORN VIADUCT, LONDON, E.C.i 
Telephone: CENtrei 2287 89 - 681/123 
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cradleclip 


twice as good... twice as quick 
when you wire with Cradleclip 


this 
system cuts wiring 
time by 50° 


revolutionary 


look at these remarkable features 
Combines high-speed fixing with simplicity. 
Makes wiring systems neater and more compact. 
Completely insulated and suitable for all climates. 
Simplifies wiring adjustments. 
Assured electrical and mechanical security in all 
conditions. 
Substantially reduces wiring costs. 


More and more progressive Companies are switching to 
Cradleclip. No wonder, when you consider the 
remarkable versatility and proved economy of the 
Cradleclip system. Two simple movements and 
Cradleclip is truly fixed, quickly, efficiently and neatly! 
Cradleclip, whilst being extremely simple in operation, 
sacrifices no point of technical efficiency and is suitable 
for service in all climatic conditions with a temperature 
range of —60 C to +100 C. Cradleclip is another 
Insuloid contribution to progress in electrical industry 
We would be pleased to send you fully descriptive 
literature telling you all about the Cradleclip revolutionary 
wiring system on request 





1, 2...and its fixed! 


5) 





find out about these other INSULOID products 


AS Saddles NX, X & CY Clips 

SAS Saddles Flexiguard 
Ring Lock Bush Busbar Insulation 
Insuloid products for greater cable efficiency 
INSULOID MANUFACTURING CO., LTD 
Sharston Works, Leestone Road, Wythenshawe, M/C 
Tel. WYT 2842 & 3163 Grams INSULOID, MANCHESTER 
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A range of high stability carbon 
and wire wound resistors 


G. A. Stanley Palmer Ltd., announce 
a completely new and comprehen 
wound and 


sive range of wire 


high stability carbon resistors 


° 
+ 0.5 1, These will 
STABILITY AND the 
TOLERANCE 


prove invaluable to 


manufacturer of high quality 
equipment, and substantially assist in 


reducing his overall production costs 


This comprehensive 
catalogue available 
mal | 8 | 
oe a. ° 


TOLERANCE 


on request 


ANY 
WNON-PREFERRED 
VALUES 


set 


VERY HIGH 
AND LOW 
> OHMIC VALUES 


PRECISION AND 
QUALITY AT 
GOOD PRICES 


G. A. STANLEY PALMER LTD 


Maxwell House, Arundel Street, W.C.2 Phone TEMple Bar 372! 
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SYNCHRONOUS 
— 


for time switches 


SAI 


timers, Sigr al nstai 


ations, time lag 
relays recorder 


chart feeds and sim- 


lar apparatus 
Th 


advantages solid 


CONStrUCction, instant 


Starting, siow run- 
ning and thus 


minimum wear, 


faultless self- 


lubricating rotor 


bearings, highest 


possible torque, 
wide choice of 


speeds dust and 


splash-proof, 


maintenance 


required 


FRED FERRARIS (Clerkenwell) LTD. 


Instrument Makers, Design, Prototype & Productic 
14, NORTHAMPTON SQUARE, LONDON, E.C.!. 


Telephone: Clerkenwell 2676 7 


ismotor has many 





In your miniaturized and transistor circuits 
requiring high capacity in small volume, consider 
the application of 


solid TANTALUM 
CONDENSERS 


The CHIMEL patented condensers, made of porous, 
sintered tantalum, prepared by nove! processes from 
metal powders, cannot desiccate or leak as electro 
lytic or wet condensers; those made of thin tantalun 
foil may lose 5O per cent of their capacity afte! 
5000 hours of operation The variations of the 
CHIMEL tantalum condensers do not exceed 

10 even under maximum voltage and at 8&5 
Centigrade 


The CHIMEL condensers have excellent stability 
do not corrode and ate impact resistant They 
operate between — 80°C and ~—85°C: type “HT” up 
to 125°C 


The production range tncludes condensers from 
005 to 60 MF and 6 to 35 b De 


The CHIMEL condensers, international! patents 
pending, will be manufactured also in other Western 
European countries, under licence 


Description and information from CHIMEL S.A., 
5 Quai de l'lle, Geneva (Switzerland). 











RELAYS for TELECOMMUNICATIONS 


A Quality Relay with Sensitive High Efficiency Magnetic 

Circuit similar to G.P.O. 3000 type. Improved design Coil 

Tags. Armature fixed with special clip for easy removal. 
CHARACTERISTICS. 

CONTACTS. Nickel Silver Springs with Silver, Silver 

Alloys, Platinum or Heavy Duty Elkonite Contacts as 

required. Up to six sets of Change-over or eight sets of 
Make or Break Contacts 

Coll Resistance from | to 100000 ohms. Up to three 

windings on one coil 


Enquiries to: 


AUTOPHONE LIMITED 


539 547, Wandsworth Road, London, S.W.8 


MACAULAY 2381 2 
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HIGH 
SPEED THE 


PRECISION WA-CO 


MACHINE 








DRILLING 
for 


% id drilling precision 
holes 0.004" to 0.080” 


Complete rigidity . Uni- 
versal Motor - Vibration- 
less * High Speed Accu- 


racy - Super Sensitivity - 

Zz ge = Light in weight - Robust ° 
& Reliable - Compact - 
Chuck or Collet type 


Overall dimensions: ||" high « 73° x 3} Motor : Universal! 
(A.C.—D.C.) 220240 and 110 volts. 

H.P.: | 30 Speed: 18,000 r.p.m. Height adjustment: |” 

Belt tension adjustment - Chuck capacity: 0-5 64” (0-2mm) 

Nett weight: 3 lbs Plastic belt guard - Fan ventilation 

switch: 2pole Spindle speeds: 10,000, 8,750, 7,500 r.p.m. 


WACO PRECISION TOOLS LTD 


100 Chamberlayne Road - London - N.W.10 
Telephone : LADbroke 5262 (3 lines) 
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ELECTRONIC - RADIO & 
TELECOMMUNICATION 
INDUSTRIES 


* FABRICATIONS 

* MOULDINGS 

* EXTRUSIONS 

* COATINGS 
For some years Henry and Thomas 
have been one of the leaders in 


designing and producing specialised 
components in P T FE 


STANDARD PRODUCTION INCLUDES 


* VALVEHOLDERS . TUNING COILS 


» INSULATORS + WASHERS + SEALS ( 
+ SWITCHES +» CRYSTAL HOLDERS Yor ) Wi TZ, 
+ AERIAL MOUNTINGS se WIC PUES —~< A 4, 


nd many items fo cial ‘ ation 
and many ite r specialised applicatio YEO STREET BOW COMMON LONDON E3 
Telephone No.: EAST 4545 








+ 


Arden 6 sis make a. ‘wide range of, 


i ELE Cc TRONIC. 


MINIA TURE 


Cc OMPONE NTS 


TRANSFORMERS 
POTENTIOMETERS 
EARPHONES 
SOCKETS 
SWITCHES 


| y, 
4 $4 
J 
Wn +—f+-4 
, 


ufacturers and Exporters 


ARDENTE ACOUSTIC LABORATORIES LTD. 


8-12 MINERVA ROAL NORTH ACTON 


he R.E.C.M.F. Exhibit Stand No. {43 
ver Fair, Stand No. 1329 


NDON, NWI!0 Telephone 
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THE Felden. PROXIMITY METER 





SENSITIVE- 


to one hundredth part 


\ of one micre-microfered _—- 
” = int a \ 





~— a oe 





_ JacKsON PROS, 


LONDON B LTD. : 





/ 
KINGSWAY - WADDON - SURREY , 
Telephone Croydon 2754/5 







on 






———_ = 


FREQUENCY METERS 


SIZES : 23” to 8° 


UP TO 5000 CYCLES 
PROMPT DELIVERY 
























AS A CONCENTRICITY GAUGE 























FELDEN PROXIMITY METER « 


carchand industry which hone fone | also the new SYNCHROSCOPE and PHASE 
begg toe physic placeme | SEQUENCE METER both up to 5Kc. 








© instrum lispensab M and full range of Switchboard instruments 






Ask for illustrated Catalogue 


Fielden_ | THE ELECTRICAL INSTRUMENT 
-Q- | CO. (Hillington) LTD. 
Fielden Electronics Ltd © Wythenshawe Manchesie HILLINGTON GLASGOW 


> e W ythenshawe 5 Humidity Ma 
F it _ . London stockists, H. A. Patterson & Prnrs., Ltd., 
Also Australia Italy & U.S.A Oxford House, 23 West Wycombe Rd., High Wycombe 
< - London, Birt n, Stock yn-Tees, Cardiff, Ed g Telephone : High Wycombe 2769 
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AMPHENOL (Grea Britain) LTD. 


invite enquiries for engineering data and de- 
tails of the availability of the well-known 
range of ‘“‘ AMPHENOL’”’ Products. 





AMPHENOL (Great Britain) LTD. 


Ormond House, 26/27 Boswell Street, London, W.C.|1. 
Telephone CHAncery 8956 
























































-J DIAGRAPH 


A NEW INSTRUMENT [og Ne =o 


FOR 5 a " Be for 30-300 Mcs 





Type ZDD 


impedance Na <. . = 


1N RADIO FREQUENCY CIRCUITS — AG A Ee MODEL 
30-420 Mc's 


Eliminates lengthy and cumbersome calculations 
All measurements read direct from interchangeable charts 


A UNIQUE DEVICE _ specially between two voltages « jua ngle f afl nknown impedance 
developed for rapid, accurate impedance amplitude at the same frequency sable without recalibration or 
and admittance measurements by Charts available for measurement of 
Germany's leading instrument-maker, Reflection Coefficient, Resistance Write for details this and other new 
the Z-g Diagraph indicates results by Reactance or Magnitude and Phase instruments 
the light spot projected on to a Smith or 


similar chart. An entire broadband 

characteristic is presented visually in VELEY ELECTRIC LTD. 
a few minutes. 

There is direct indication of the AYRON ROAD, 


transmission characteristic of a four- , 
terminal network or the phase angle AVELEY INDUSTRIAL ESTATE 
SOUTH OCKENDON, ESSEX 


U.K. Concessionaires for Rohde & Schwarz, Munich AVELFY ESS 


Telephone : South Ockendon 2021. Telegrams: AERSALE, South Ockendon, Romford, Essex 85/18 


reconnection 
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COUNTERS 
FOR EVERY 
INDUSTRY 


BACKED BY 70 Please write for illustrated 
| folder “*EL’’ giving details 
| YEARS EXPERIENCE of full range. Representa- 
tive will call upon request 


Voodon- ROOT. 


DUNDEE 
LM: 2 


Head Office and Export Sales 
DUNDEE. Tel: Dundee 85218 
United Kingdom Sales Office 


20 PURLEY WAY, CROYDON, SURREY 
Telephone THOrnton Heath 3477-8 : 

















SPUTNIK 





The very name Sputnik will cause to be released millions 
of pounds in the cause of Research and Development. Keep 
in step with these developments and use 
. ° 
Beryllium Copper Crinkle Washers 
4 fro Bery »pper Strip The Washers are heat treated and 
They are nagnetic, and when plated are |00 per cent corrosior 
T ' ely high electrical cond tivity, and will not 
d surfaces to be locked together 
4 Justries as Radar, Television, Wireless, Aircraf 
and the & trica nd Electronics trade gene and by most Government 
Department 
t is approved by the British Admiralty Signal and Radar Establishment, 
to their Spec. A.! 10000, also RAE/RSP.318 and by RCSC/RCL.224 
The Washers can be supplied tested and released A.!.D Jf 
or A.R.B., and are also supplied in Good Commercial 
Quality 
A Custom Made Product of s l interest 
to the Electrical and lectronic 
ndustries 


DAVID POWIS E£SONS LTD. 
FORWARD WORKS  SPARKBROOK BIRMINGHAM Ii PHONE VIC. 1264-8 
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You can see why appliances 
which MUST be absolutely reliable 
in operation are fitted with 
Drayton HYDROFLEX metal bellows 


tn mnstrument manufacturer writes 


We think you might be interested 1n the enc 
which were subjected to a violently fl 


of 1,500 Ibs Sq as tne result of a tec 


ictuating ‘ 
bellows did not lei vhich we think ts ¢ 
very great tribute to their manufacture 
% HYDROFLEX tal | are iitable 
for a he ilic a r ure ¢ +, <, 
ipplicat Write x *onot® 


nent Co. Ltd., West Drayton, Middlesex 


B 
The Drayton Regulator & Inst 








P.O. TYPES 
MANUFACTURED 
TO YOUR 
SPECIFICATION 


PROMPT 
DELIVERY 


3000 TYPES 


cous up to 80,0000). 
CONTACTS up to 8 c/o’s 
Tropicalizing and impreg- 
nating to order 

600 and HIGH-SPEED 
TYPES also Supplied. 


STOCKS 
OF 
KEYSWITCHES 


THE KEYSWITCH CO. 
ALL POST OFFICE EQUIPMENT 
Enquiries to Sales Manager 


126 KENSAL ROAD, LONDON, W.10 
Telephone: LAD. 0666, 4640 Groms: “Fonequipt’’. London. W.10 
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LAMINATED & INLAY TYPE 
CONTACTS & STRIP 


ENCELAARO (NOU STRIES. LTO 





BAKER PLATINUM DIVISION 





el] | a O] ae Bn | a 


FULLY APPROVED FOR THE COMPLETE RANGE 
OF 
HERMETICALLY SEALED ‘C’ CORE TRANSFORMERS 


A.D. & A.R.B. APPROVED 


R.C.S.C. CERT. No. 1160. ISSUE 1 hn 


“WILLESDEN” TRANSFORMERS 


ELECTRONIC & TELECOMMUNICATION REQUIREMENTS 


WILLESDEN TRANSFORMER CO LTD - MANOR PARK WORKS MANOR PARK ROAD WNWIO TEL: ELGAR 5445-6 
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All the experts - 
use— 


ELECTRIC SOLDERING IRONS 
* Reliable 


* Speedy 
* Long-lasting 





A model for every purpose 


65 watt round pencil bit 





Leoflets on request from 
W. T. HENLEY'S TELEGRAPH WORKS CO. LTD. 
51-53 Hatton Garden, London, E.6.1 


Tel: CHAncery 6822 


FOR 25 YEARS THE BEST 








HIGH GAIN FREQUENCY 
SELECTIVE AMPLIFIERS 


FOR THERMOCOUPLE OR OTHER APPLICATIONS 





% Voltage gain 10° maximum 


%& Band-width approximately 
7 per cent of carrier frequency 


% Plug-in filter units enable carrier 
frequency in the range 5c s to 
2 Kes to be chosen 


BARR & STROUD LTD 


Anniesland, Glasgow, W.3 


LONDON OFFICE : IS VICTORIA STREET, S.W.1 














INSULATION 


Our products include 

Presspahn and Leatheroid; Pressboard; Vulcanized Fibre; 
Cable and Red Rope Paper; Bakelite and Ebonite; \arnished 
Paper and Tapes; Varnished Silks and Tapes; Varnished 
Glass and Tapes; Varnished Cambric, Silk, Glass and P.V.C. 
Sleevings; Cotton Tapes, Webbings and Sleeving; Chatterton 
Compound; Adhesive and Rubber Tapes; Acetate Coated 


Insulation. 
PRESSPAHN, LTD. 


BRADFORD, YORKS, ENGLAND Weitsrel 


<< ELUSTEAD) 


ynS¥lATio,g 


is? 
atciSTEne, 








Telephone: Bradford 25135 (Pvt. Br. Ex.) 
> 
Telegrams & Cables: “Presspahn, Bradford” "a6, 














NORRIS EQUIPMENT 
and CONSTRUCTION LTD. 


Will design and manufacture 
ELECTRONIC EQUIPMENT to 
client’s specific requirements. 


58, QUEENS ROAD, BRISTOL 8 


Telephone : Bristol 36817 

















WEBB'S RADIO- 


the London Agents for 


Also the latest addition to 


the EDDYSTONE range 
The 870°’ — €34:16:0 


ne. P. Tax 


From the smaliest component 
te Communications Receivers 


Models '680X"'—"'750''—""840A 
(30Mc/s to 500Kc's) - 
Sives efficient broadcast reception 
on short, medium and long waves 
The “870"" offers full EODDYSTONE 
specification and reliability at a very 
reasonable price 


Models “‘770U''—"'770R 
1 50—S500Mc/s) - (19 —/65Mc's) 


Thursday) and 9.00 to 1.00 Saturdays 


rae 
. - 





Shop Hours 9.00 to 5.30 (7.00 p.r 


WEEDS 


4 SOHO STREET, LONDON, W./! 


The Favourite in The Traae! 


amp AERIAL SOCKET TYPE cs3 (~S Pee 





TELEPHONE GERrard 20869 





* Trouble-free long life. 
¢ Robust construction 
* Moulded in one piece 


* Thoroughly insulated. FIT TO ALL 


STANDARD 
=> CO-AXIAL PLUG TYPE CPI TYPES 


* Easy assembly. 


* Strong structure. <j 
¢ Made for perfect 6 \—— 
}} 


connection by )/ 





=== PANORAMA RADIO CO. 


73, Wadham Road, Putney, $.W.15. Telephone : VANdyke 5300 
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! 
| 
DECORATIVE 


VETAL FINISHES 


rameste 


LIGHT ASSEMBLIES 
MORE AND MORE of the leading Radio and Electrical manu- & FABRICATIONS 


facturers are discovering, in dealing with Framestyles, ! 


i FINE-LIMIT 
PRESSINGS 


that workmanship of high quality is still compatible 
with reasonable prices. Our wide experience enables 


us to offer expert advice on your problems 


Framestyles Limited, 
yma Stapleford, Nottingham 


so, Wnateve VY yo ay b : in. OF THE 
to do so, whatever industry you may be expenT 


TOOL GROUP 


in our field, and we welcome opportunities 


Telephone: Sandiacre 3463/4 








CAST RESIN TRANSFORMERS 
sive complete mechanical and 
limatic protection for core and 

windings. ‘,ood heat dessipation 


HERMETICALLY SEALED ‘C 
CORE UNITS 

A complete range covering trans 
formers fror Vea to 2 kVA end 
ssual range of chokes 


POTTED COMPOUND FILLED 
TRANSFORMERS 

A wide range of capacities for 
transtormers and chokes 

reliability. Suitable f 

mdustrial ar imatic 


SHROUDED AND OPEN.TYPE 
TRANSFORMERS 

Combines hrst-class 

with @ popu 

product. Vacuum in 

rigid y tested 


MICROPHONE TRANS 
FORMER 

For use with moving 
phene, murmrmmum hur 

and maximum efhiciency 

In addition the types 
manufacture a great 
Transtormers for « 
epplications. Als 

formers up to kVA 


WODEN TRANSFORMER CO 3s Boe ee 


BILSTON STAFFS Telephone: BILSTON 41959 





SM/W 2683 
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BALUN 


WIDE BAND TRANSFORMERS 


solve your matching problems 


Twenty six standard types in regular production. 
Two basic frequency ranges. 
Choice of 50 or 75 ohm unbalanced input. 
Choice of six balanced output impedances. 
Other types up to 1,000 Mc/s available. 





100 Kc’'s to 100 Mc's 





UNBALANCED INPUT 


BAL. 
OUTPUT 


3 to 300 Mc s 


J 


ait | | TAL = 


ML C3 


iT 
Hi 


UHHNVAUVUUUIAVVUUAVVUULUUITHHHUIAVUHAALUUI 





UNBALANCED INPUT 





75 50 


ohms 


50 75 





— ATSO 


50 


AT23 — 





ATSI 








75 


AT56 





AT5S2 


110 


AT57 





ATS53 





AT54 


—j—__——— 


150 


AT58 





300 


AT59 


UT 





ATSS 











600 





AT60 





Insertion loss never greater 
than 2 DB. 


Hii 
LLL 





Delivery of most types ex. stock 
Send for descriptive leaflets 


BALUN 


LIMITED crawiey roan - 


Balance Ratio always better 
than 20 DB. 


aml iliiliti| 


(HHIINNUUUUUHHII 


HORSHAM ~- SUSSEX - HORSHAM 3232/3 











72 in. HIGH 
34 in. WIDE 
12 in. DEEP 


@ Brand new— 
Manufac tured in 
our own works 

@ Shelves adjust- 
able every inch 
Heavy gauge 
shelves wil 
carry 400 b 
each 
Stove enamelled 
bronze green 
6 shelves per 
bay—Extra 
shelves 8/- each. 
Quantity 

discounts 


Delivered free 
43 15s. 


Ready for erection 


TD. This sh 
Equipment Wing, HEYWOOD, LANCS. 


—the manufacturers 
Telephone: Heywood 69018 (3 lines) 


LVING 


able in 
at extra ast 


ALL OTHER 
available 
keen or 


ving «8 avail 
WHITE enamel 


WEATHERSHIELDS 


for 
SHEET METAL WORK 
WELDINGS, PRESSINGS 
FABRICATIONS 


Send us your enquiries:- 


BISHOP STREET - BIRMINGHAM 5 








SIZES 


at «equally 











ELECTRONK 


ENGINEERING 


THE MIDDLETON TOOL & ENG C°L" 


ALEXANDRA. RD, PONDERS END. MIDODX 
‘ 1/4 


HOWord F 
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alloy 
Laminations 


For the highest quality 


Magnetic Amplifiers 











Saturable Reactors 


& Pulse Circuits 





Now available at SHORT NOTICE 
in the popular M.E.A. range of Preferred 
Patterns for Type Approved equipment 
shown below. 





ME Inter- | Thickness : Winding 
MEA | Service | Available : Space 
Ref. Ref - — —---- 

No. No. , 1. in cm 








070 | 0°45 








807 









































Comprehensive technical data and informa- 
tion covering every aspect of the use of this 
inique magnetic material, including guaran 
tees, is available on request . Write to-day 
for your copy of the H C R Brochure 





The first name in Nickel Iron Alloy Laminations 


MAGNETIC & ELECTRICAL ALLOYS LTD. 
A Member of the Telcon Organisation  BURNBANK HAMILTON LANARKSHIRE 
Telephone No : Hamilton 932/3/4 Telegrams : Magnetic, Hamilton 
Branches London - Birmingham Manchester 
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Fine wires 
always in demand 
for precision work 


Lewcos Insulated Resistance Wires 
with standard coverings of cotton, 
silk, glass, asbestos, standard 
enamel and synthetic enamel are 
supplied over a large range of sizes. 


Send for our new leaflet 


THE LONDON ELECTRIC WIRE COMPANY 
AND SMITHS, LIMITED 


LEYTON LONDON ~- €.10 








ALL TYPES SUPPLIED 
CONVENTIONAL METHODS OF FIXING 


PRINTED, ETCHED, ANODISED OR 
MACHINE ENGRAVED 


IN METAL OR PLASTIC 


® BUT IF YOU WANT A 
Quick Fix / — USE | 


MANUFACTURED BY 


RICHARD CHING & SON LTD 





MPANY W 
AN A 


721.NORTH CIRCULAR ROAD. CRICKLEWOOD, LONDON, N.W 2 
TELEPHONES GLADSTONE 2427 & 8844 














BRITISH SPRINGS % WASHERS 


»D WILLIAM FINUCANE 
(Springs and Pressings) LTD. 


A.1.D. A.R.B. 


ELGAR 3757/8/9 


16A HILLSIDE, STONEBRIDGE PARK 
LONDON, N.W.10 














ELECTRONIC ENGINEERING 


MARCH 








| Used all 
P.O. Type 3000 ens the 


The most versatile relay Re ld 
available today. 
Coils up to !20,000:: . wor 
Spring Set Insulation up to for 
5KV 


METER PROTECTION 
TIME DELAY 
OVERLOAD TRIPS 
ALARM SYSTEMS 
FLASHING & PULSING 
PROCESS CONTROL 
TIMING DEVICES 


Are you aware of the variety iy = 


of contact build-ups we can 

assemble’? Your problem may sy conepusk on 

not be as bad as it seems if you > SEQUENCE SWITCHING 

take advantage of our wide ; *: 

experience in the unlimited . SELECTION & 

uses of this adaptable product oe COUNTING SYSTEMS 
P.O. Key Switches, al! types 


Type 600 Relays p° HIGH VOLTAGE 
re r 
Quotations by return Uniselectors . SWITCHING 


Prototypes within 48 hours Built to R.C.S. and R.C.L 


@ Good delivery guaranteed 161 and 153 if required ai 
*+,"* 


ee ee) "flack Davis (Relays) Led. 
Consult the Speaatists F (DEPT’E’) TUDOR PLACE, LONDON, w.! 
= TELEPHONES: MUSEUM 7960 LANGHAM 482! 


YLOR ELEC 





panel meters. it is the MOST SENSITIVE 
AND MOST POWERFUL MOVEMENT 
ON THE MARKET ince 


B.S. 89/54 I 


tate nd ent. TORQUE TO 
WEIGHT RATIO IS AT LEAST TWICE 
THAT OF CONVENTIONAL MOVE- 


MENTS. stick-FREE OPERATION, INHERENT 
MAGNETIC SHIELDING. A 


d 


1 10,000 pe 


A wide range of meters, round or rectangular 
available with scale lengths from two to five inches 
Hi for « ialogu 


tiremer Quantities in 4 weeks 


CTRICAL INSTRUMENTS LTD., DEPT. EL., Montrose Avenue, Slough, Bucks. Tel : Slough 2138! 


VERY COMPETITIVE PRICES ' PROMPT DELIVERY 


ling “r re 


TAYLOR ELE 
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TRANSFORMERS 
LARGE OR SMALL 


2 The illustration is of a 60 KVA Trans 
former with 5,000 amp. Secondary, with 
tapped Primary to give secondary voltage 

variation from 12 volts to 4 volts. Primary 

tap changes are made with a rotary switch 
as shown. These Units are designed and 
tested to BSS 171 where applicable, or 
ippropriate B.S. Specification 
f 
This is a typical f 

example of our “C’ 

Core 

manufacture both 

open and hermatic- 
types, 
wound to specifications. 

This range extends from 10 VA to 1.6 

KVA at frequencies up to 2,000 cps. 





range. We 


ally sealed 


customers 


WHATEVER YOUR NEEDS — 
OUR TECHNICAL AND DESIGN DEPARTMENTS 
ARE AT YOUR SERVICE 


ANDEC LIMITED 


A.1.D., A.R.B., approved 
BENNET ROAD - READING BERKSHIRE 


Tel. 82401 /2. 








PRECISION REMOTE 
POSITIONING EQUIPMENT 


mitter and comprises a two channel 


notor and Juctio generator 


pment enabdies a 10te 
n of a local Magslip trar 

r, tw phase induct t 
located coarse oincidence 


Fi 


itput torque 50 ll deta jest from 
and Electronic Sales Ltd., 


1 Hopton Parade, Streatham High Road, London, S.W.16 
Tel; STReatham 6165 


Suppliers of servo equipment to laboratories 
throughout The World 


her with remote 
Or 


VELODYNE MOTOR GENERATORS, MAGSLIPS, SELSYNS, 
IPOTS, SERVOMOTORS, RESOLVERS, AMPLIDYNES, 
ELECTRO-HYDRAULIC SERVO SYSTEMS ETC., ET¢ 








If you need 
a small METAL PRESSING 


for your product, why not consult us ? 
. J a 


We specialise in light precision 
presswork in all metals for the 
Electrical Trades 


QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


80-81 BATH STREET, BIRMINGHAM 4 




















Phone : CENTRAL 2492 





Increased production results in 


LOWER RELAY PRICES / 


We are manufacturers of Post Office Type 3000 
relays with contacts and windings to customers’ 
requirements 

Impregnation, tropicalisation and high 
insulation available 

Our Sales Engineers will be pleased to call and 
your requirements 


voltage 


discuss 


FAST DELIVER) 


STEVENAGE RELAYS LIMITED 


in A ¢ yof W.H ders ( Ele r Limite 
STEVENAGI HERTS 


g 


GUNNELS WOOD ROAD 
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\) ee, 


mre, 
Qa 


H. T. NEWTON & CO. 


SPECIALISTS TO THE ELECTRICAL 
AND ELECTRONIC INDUSTRIES 


Electrical and Electronic Equipment, 
Switches, Plugs, Sockets (Over a million 
in stock—IMMEDIATE DELIVERY), 
Relays, Fuses, Connectors, Distribution 
Boxes, Radio & Radar Components, 


instruments and Test Gear. 
A.I.D. and A.R.B. approved 


Contractors to H.M. and Foreign Governments 


GATWICK AIRPORT 
HORLEY - SURREY 


Tel phone: HORLEY 1510 & 3613 
Telegrams: NEWTONAIR HORLEY 


MARCH 


1958 





+ 


»>new Vickers Viscoun the late 
Hoover Washing Machine/Spin Dryer 
Honeywell Micro Switche 
wherever dependability i 


And they o 


il 


ffer dependabili 
ecision, plus uniqu 
ctrical versatility. Honeywell 


offers users all the advantages 


tity i 
UPeUu 


Micro Switches designed and manufac 


meet the most exacting requirements 


WRITE OR SEND THE COUPON TODAY 
Honeywell-Brown Ltd, Wadsworth Road, Perivale, Middlesex. Exhaustive climatic and endurance tests 
were passé easily — by Honeywell Mi 


r the ler 


General Purpose Switches 
V3 Switches 


Sub Miniature Switches 


Industrial Enclosed Switches 
Minimum plunger movement... ultra small size 
ywell Micro Switcl 
ntrolling the 
matically swit 


nene jnr y 
pened during 


H Honeywell 
ed fichnreage aay: och oles rep ati ooo be arte Endl a Fit Ww Mier Quitthu- 


f the 


cities 
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— of Wald tion 


~ INSTRUMENTS 
ELECTRONICS 
AUTOMATION 


16-25 APRIL 1958 OLYMPIA LONDON 
admission 2/6 


ll 


You will be welcome at the 1958 Instruments, 
Electronics and Automation Exhibition. 


_ MORE THAN 250 BRITISH MANUFACTURERS will be 


showing the latest and most comprehensive 
range of exhibits. 


OVER 100 OVERSEAS EXHIBITORS will be displaying 
7 their achievements in the rapidly developing 
fields of instruments, electronics and auto- 

mation. Note the date NOW 








1.£.4.—the exhibition no progressive industrialist 


can afford to miss. 


“ J rr r , r y 
kext ? I arther wnformation regarding botn onference 
ima x pition Pe id ippited € ti rganiser 


INDUSTRIAL EXHIBITIONS LIMITED, 





WAVEMETER TYPE 16/7 








SPECIFICATION { 
Mode of operation TEoi Calibration accuracy | Mcs 
Waveguide No. 16 5Mcs 
Q unloaded 30,000 Discrimination 200 Kc 
Q loaded 10,000 Micrometer Divisions 0.0002 


Frequency range 8.5 KMcs to 12.5 KMcs, 8.5-10 KMcs 


10-12.5 KMcs 
PRICE €6§ (in the U.K.) 
D VERY TWO MOP 

other details on request 


Prec nstruments are made in all Waveguide 


FLANN MICROWAVE INSTRUMENTS LTD. 


133 Munster Road, Teddington, Middlesex, 
Telephone No.: Kingston 7217 


England. 





QREWLASISS 


INSTRUMENT CASES 
CABINETS and any 
‘SHEET METAL) WORK 


to'your own 
precise requirements , q 


J.P. HART & SON - 
Rann Street, Birmingham 16 


TELEPHONE: EDGBASTON 00/4 











INSULATING SLEEVINGS 
I 





P.V.C. and POLY THENE 
SLEEVINGS 
INSULATED WIRES 
and FLEXIBLES 


A.D. AND A.R.B. APPROVED. aoe 












9 ARGYLL STREET, LONDON, W.1. ~=Tel: Gerrard 1622 
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PLASTICABLE LIMITED || 


HAWLEY LANE - FARNBOROUGH - HANTS 
PHONE: FARNBOROUGH, HANTS 85 











MARCH 


1958 


















C-CORE 
TRANSFORMERS 
& CHOKES 











HERMETICALLY SEALED TYPE 


Oil filled. Corundite terminal seals. 
Black stove enamel finish 

Engraved terminal identificatio: 
plate 


RESIN CAST TYPE 


Maximum shock protection 
Excellent dielectric qualities 
Climatic dependability 

Dimensions and fixing to R.C.L. 215 
Integral terminal insulators 
Engraved terminal identificatior 
plate. 


TYPE 


Vacuum impregnation and dip 
sealing. 

Engraved terminal panel. Turret lug 
terminals. 

Designed to comply with R.C.S. 214. 
Grain orientated strip wound cores 
Reduction in size and weight. 
Dimensions and fixing to R.C.L. 215 





OPEN 








ATKINS, ROBERTSON 
& WHITEFORD LTD. 


INDUSTRIAL 
THORNLIEBANK, 


ESTATE, 
GLASGOW 


TELEPHONE GIFFNOCK — 1031/2 





THE STAMP OF QuatiTy TELEGRAMS : “ATROWHIT, GLASGOW” 





London Office: 53 VICTORIA STREET, S.W.I. Tel: ABBEY 4704 
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Harwell’s wonderful Zero Energy 
Thermal Apparatus includes a huge 
bank of TELMAG. §strip-wound 


cores in grain oriented silicon iro1 
TELMAG are proud to have bee 
appointed as contractors for thi: 
vital equipment, and our specialised 


and techniques played 


knowledge 
leir part in achieving a successfu 


result in this daring experiment 


For Grain Oriented Strip Wound 


Cores from 5 grms. to 5 tons each 


Come to qgabyl ve 


Technical literature and prices 


free on request—Write to 


TELCON-MAGNETIC CORES LTD 
CHAPELHALL AIRDRIE - LANARKSHIRE 


4 member of the Telcon Organisation Te firdrie 2 
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GEARS and 
ASSEMBLIES 


TO DIRECTORATE 

OF NAVAL ORDNANCE 
CLASS | 

AS SUPPLIED TO 
LEADING RADAR AND 


ELECTRONIC FIRMS 


All supplies are subjected to a rigid system 
of inspection, assisted by a complete range 
of up-to-date instrument proving equipment. 


SCIENTIFIC & PROJECTIONS LTD. 


Kidbrooke 


Park Road, Kidbrooke, S.E.3 


Telephone : LEE GREEN 2112 
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Z FOR RELATIVELY SMALL y 
_L, PHYSICAL DIMENSIONS | 
Y POWER FACTOR V7 
Y oF over (Zy 


For use in welding cir- 
cuits, to give exception- 
ally high current output. 
Intermittent rating. 


One of many types designed by us 
to meet special conditions. Used 
by leading shipbuilders and motor 
car manufacturers throughout 


CLASS A the country. 
INSULATION 


1-3kVA 


Send us details of your requirements 
—our technical staff is at your disposal 


AUSTIN WALTERS & SON, LTD. 
AYRES ROAD, MANCHESTER 16 
Tel: TRAfford Park 1827. 
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SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES 
MANGANIN. 





Trade Mark 


established 1895 “MANGINSAX"’ — GENUINE 


ENAMEL, SILK, RAYON COVERED. 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS”’. THERMOCOUPLE, etc 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 


Contractors to the Admiralty, War Office, Air Ministry 


ROAN WORKS, GREENWICH S.E.10 
Grams: “SAXONIST LONDON” Phones: GREenwich 0463, 1672 
“GREENWICH CABLES & FLEXIBLES”’ 








MACHINE 
ENGRAVING 
cue ; 


JJ Robison: 


JUSTICE WORKS - GERVASE STREET 


OLD KENT ROAD - LONDON - SEIS 
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HEAT-TREATMENT 
SCORE MARKS 
SCUFFING 


GALLING 


rac} ELIMINATED 
a. 
ST. ANDREW'S ROAD 


N. ¢.. ASHTON LTD. HUDDERSFIELD ENGLAND 


HUDDERSFIELD 6263/4 










Cw 2575 





LESS THAN 0.3 uA 





FULL SCALE 
is the current drawn by the RELAYS Pp 0 TYPE 3000 
Valve Voltmeter Mod ™ - 
V 08 on Range 1. This — 
model provides measur 
ment of A.C. and DA 
potentials from 0-1000 J 
Resistance from 0.1q to 
1000 meg. ohms 
Price £17.10.0 complete 


please send for full specification 


SWAN 
ELECTRONICS = 


BUILT TO YOUR 
= a SPECIFICATION 





QUICK DELIVERY 
KEEN PRICES 


CONTACTS UP TO 
8 CHANGE OVER 





75, Bellenden Road, JACK PLUGS 
London S.E. 15 Cylindeiad tapatioe cores KEY SWITCHES 
Telephone : NEW CROSS 713 te : ee? ~ mi poe 26 each PROMPT DELIVERY ALL TYPES 


24/- doz., £9 per 100 uP TO 4c O/4sCO 
BRIDGE MEGGER TESTERS No. |. [000 Volts 100 
Megohms with Resistance Box, Brand New, £75 (less than 


A.C. SOLENOID TYPE 1 ‘M. half price). Series 2, gy Bone Re Megohms in leather 


“WEE MEGGERS.”’ 500 Volts in leather case £12 10s. Od 
MEGGERS Series 2. 500 Volts 100 Megohms £25 
AVO TEST BRIDGES. Measures capacities from 5 to 50 











Continuous 3 ozs. at 4” 


Instantaneous to 2 lbs 











9/10ths full size mfd., resistances from 5 ohms to 50 megohms, etc. 220/240 vt 
: ; £9 19s. 6d 
Same Dimensions as Type SC 
: ELECTRO-MAGNETIC COUNTERS 
Larger Sizes Available . . iastienes : > one 
Greatly Increased Discounts 4 BS Ram TYPE 6A TYPE ITA 
; P ar 2300 ohms 3 ohms 
for Quantities a 75/230 V. D 2/6 V. D.C 
Also Transformers to ” seater tee Ba th 
7 KVA 3 phase Phone: CRO 0839 aS 2300 ohms. 30 
R. A. WEBBER LTD. L. WILKINSON (CROYDON) LTD. 
18 FOREST ROAD, KINGSWOOD, BRISTOL PHONE : 67-4065 19, LANSDOWNE ROAD, CROYDON 
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G ‘ 
Exrcdllence tn alii ... 


Specialists in Subminiature Telecommunication 


Components 


AIR 
DIELECTRIC 
TRIMMER 
70pF 


Illustration (approx.) actual size 


12 Vane type, 500 V.- Insulation 10,000 megs 
Width 165mm. Power Factor less than 001 
Length 22mm. Temp. Coeff.: 50 parts per 


Height 19mm. million per. °C 





A MODERN DEVELOPMENT 
YOU CANNOT AFFORD TO 
MISS! 

The outstanding characteristics of DEVE LOPMENTS co. LTD. 


Glassfibre offer unique advantages as ULVERSTON NORTH LANCS Te/: Ulverston3306 


a material for name plates and labels 























for electrical and other purposes, 





with a saving in cost of 75 per cent in 


ai aot JASON VALVE RETAINERS 


FOR CONVENTIONAL CHASSIS AND PRINTED CIRCUITS 
STUDY THESE POINTS.. * Plated Steel 


*%& 3 Sizes 

Fix into the hollow rivet holes 
Fadeproof of chassis-mounted valve h 

ers of any thickness, or into 


. 
a 
. 
. 
*. 
* 
* 
* 
7 
= 
ed 
e 
° 


Rotproof 
P on printed circuits 


Easily drilled for fixing cial lengths are supplied 
for the latter rE. 

ECF. 80, EF. 80 and 
Producible in large or small quantities For immediate delivery. 
ee to all substances without 10'- Per sample 100 
Non-tracking electrically £3-10-0 per 1,000 


Replaces engraved plates, saving approxi- * Quoentity enquiries to 


mately 75 per cent of cost ie i 
ii THE JASON MOTOR AND ELECTRONIC CO., 
3-4 GT. CHAPEL ST., OXFORD ST., LONDON, W.1. Phone GER 0273/4 


Can be formed to a curved surface 





WRITE FOR DETAILS NOW! 








“ SPINIATURE”’ 


\ 


SUB-MINIATURE 


PLUGS, SOCKETS, 
AND 
SOCKET STRIPS 


ROYTON, NR. OLDHAM, LANCS. ? 
Tel: MAiIn (Oldham) 6651 


orestaneestata® y = SPEAR ENGINEERING CO. LTD. 
eo "* oes a ateteteteteteteteteLeLeeee WARLINGHAM + SURREY 
eseeseeeeeeeeeeeus Tel: Upper Warlingham 2774 
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. . hd 25 Years experience of manufacturing Bobbins and 
Specialists in ee : 


Formers enables us to satisfy the most exacting 


requirements of the Electrical and Electronic 


ing F 
Insulating ormers industries. We fabricate 3 Million Bobbins each 
year and manufacture in any insulating materials 


and Bobbins including Bakelite and Presspahn 


mae TUS IITIE 


A1D. Approved 





| BOAT/ and how not to miss it 


If you have equipment that must catch a certain ship on a 
certain date or a production schedule that’s lagging get 
Winston Electronics to help you out. Assembly or development 
undertaken in electronics, servo-mechanisms and sheet metal- 
work. One off, 10 off, 5,000 off W.E. will do it. 


A.1.D. and A.R.B. Approved 


LIMITED 


ZZ 
LIDIA IA 


ZZZ_—-_E OO 
LL O OP OE 


GOVETT AVENUE , SHEPPERTON ' MIDDLESEX 
Telephone: Walton-on-Thames 6321 
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Solenoids | Relays 


EFFICIENT, COMPACT FOR INFORMATIVE 


AND ECONOMICAL SWITCHING AND 
POWER HANDLING 


ELECTRONIC PROCESS TIMERS 
FOR AUTOMATION 


HILTON ELECTRIC CO.,LTD. 
AIDS TO 


PRODUCTION 


52; POOL 37 *- WOLVES WN. Age Bees G 


PHONE 22783: 





Ss IN TO X HAS HIGH RESISTIVITY 


Volume Resistivity Ohm.Cm. 


1o'* 
2X10" 
4X10" 
3X10 


Due to the high resistivity of Sintox, it is unsur- 
passed as an electrical insulator and it is widely used 
for thermionic valve components, high temperature 
terminations, multi-hole thermocouple tubes and 
many other applications. 


wy 


Sintox Technical Advisory Service SQ a 


This service is freely available without obligation to those 
requiring technical advice on the application of Sintox 
Industrial Ceramics. Please write for booklet or any SINTOX IS MANUFACTURED BY 
information required enclosing blue print if available saat esti eects ees r z 
LODGE PLUGS LTD., RUGBY. @ 
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DESIGNED tor ACCURACY 


PECIALISTS in the manufacture of 

Variable Wirewound Resistors 

for over 20 years, Colvern Ltd., 
are BRITAIN’S largest manufacturers of 
these components 


Our fully comprehensive range includes :- 


* Sealed Wirewound Potentiometers and Variable 
Resistors Fully Type Approved to Inter-service Specifica 
tions RCS/!2! and RCL/I2! 

Standard Wirewound Potentiometers from | to |S watts 


rating ncluding multi-ganged types and semi-preset 


Controls for Television Receivers 


High ccuracy Precision Potentiometers 


sine/cosine types These Potentiometer 
accurate made in the world to-day—are 
incorporated in most moderr 


, 4 


Navigation and Computing 


LIMITED 


Essex 


COLVERN 


Spring Gardens - Romford - 


Telephone Nos: Romford 888! 2 3 
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Fans for all 
electronic duties 


The 1900-valve analogue computor made by Elliott 
Bros. (London) Ltd. for the Long Range Weapons 
Establishment, Australia, is fully air conditioned. 
Four 19in. two-stage Woods Aerofoil fans (above). In 
contrast, aircraft electronic equipment is being fitted 
with Woods 2.4 in. 400 c.p.s. fan. 

May we send you Woods Small Fan Catalogue V3695? 


of COLCHESTER Ltd. 


BRAISWICK WORKS, COLCHESTER 
Telenhone ¢ leh er }] 


]909 
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The reliability of modern instrumentation argues the Precision drawn resistance wires . Nickel cathode 


efficiency not only of the instruments themselves but of tubes . Grid support wire . Contacts and contact 
i ° ho ie t 
the specialised materials and components upon which their oe name Heutrenapete 
‘ on. Silvered mica capacitor plates . Fine fuse wires 
performance depends. The contribution that Johnson 
Mattt Platinum: rhodium-platinum thermocouples . Mallory 
Matthey make to progress in automatic process control—- 
: Prog . eee oe 73 Beryllium Copper wire and strip . JMC Phosphor 
and other important fields—is unobtrusive, but is none Bronze . Bourdon, capillary and pointer tubes . Wires 


the less vital. for resistance thermometry . Silver brazing alloys 


Specialised Products of 


Johnson Matthey a eee 
™ je 34 li sted abov e€ are availab eon request 


JOHNSON, MATTHEY & CO., LIMITED, HATTON GARDEN, LONDON, €E.C.1. Telephone: Holborn 6989 


Vittoria Street, Birmingham, |. Telephone: Central 8004. 75-79 Eyre Street, Sheffield, |. Telephone: 2921/2 


E2 
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A 


A. K. Fans. Lid 

Acbars, Lid 

Adcola Products, Lid 

Advance Components. Le 

Airmec, Ltd 

Aldridge Plastics, Ltd 

All-Power Transformers, Ltd 

Alma Components. Ltd 

Ampex Corporation 

Amphenol (Gt. Britain), Ltd 
Amplivox, Ltd 

Andec, Ltd 

Anglo-American Vulcanised Fibre Co.. Ltd 
Ardente Acoustic Laboratories, Ltd 
Armand, Taylor & Co., Lid 
Armstrong Patents Co., Ltd 

Ashton, N. ¢ Lid 

Associated Electrical Industries, Lid 
Atkins, Robertson & Whiteford, Lid 
Austiniite (Stone-Chance), Ltd 
Automat Co.. Ltd 

Automation, Ltd 

Autophone. Lid 

Aveley Electric, Ltd 


B. & K. Laboratories, Ltd 
Bakelite, Ltd 

Balun, Ltd 

Barlow-Whitney. Ltd 

Barr & Stroud, Ltd 

Belling & Lee. Ltd 

Besson & Robinson. Ltd 

Berry's Radio 

Birch, H. A., & Co., Ltd 

Bird, Sidney. S.. & Sons, Ltd 
Birmingham Specialities, Ltd 
Booth, James, & Co., Ltd 

Borax Consolidated, Ltd 

Brayhead (Ascot), Ltd 

British Electric Resistance Co.. Ltd 
British Insulated Callender’s Cables, Ltd 
British Springs & Washers 

British Tabulating Machime Co., Ltd 
British Thomson-Houston Co.. Ltd 
Brown, N. C.. Ltd 

Broxlea Products. Lid 

Burgess Products Co.. Ltd 


INDEX TO ADVERTISERS 


Cc 


arr Fastener Co.. Lid 

arter Gears, Lid 

hapman & Hall. Lid 

himel. S. A 

hing. Richard, & Son, Ltd 
inema-Television, Ltd 

ollett (S. H.) Manufacturing ¢ 
olvern. Ltd 

ossor Instruments, Ltd 


ressal Mig. Co., Led. (The 


Daly (Condensers), Ltd 

Davis, Jack (Relays), Ltd 

Dawe Instruments, Ltd 

De Havilland Propellers, Ltd 
Denbar. Ltd 

Donovan Electrical Co., Ltd 
Dowding & Doll, Ltd 

Drayton Regulator & Instrument (« 
Dubilier Condenser Co 925). Ltd 


E.M.1. Electronics, Lid 

E.M.1. Institutes 

E.M.1. Sales & Service, Ltd 
Egen Electric, Ltd 

Electrical Instrument Co. (Hillington), Lt 
Electro Methods, Ltd 
Electronic Tubes. Ltd 

Engel & Gibbs, Ltd 

Engethard Industries, Ltd 
Engis, Ltd 

English Electric Co., Ltd 
English Electric Valve Co., Ltd 
Ericsson Telephones, Ltd 
Evans. Frederick W., Ltd 
Evershed & Vignoles, Ltd 


F 


Falk Stadelmann & Co., Ltd 
Ferranti, Lid 

Ferranti, Denis, Laminations, Ltd 
Ferraris, Fred (Clerkenwell), Led 


Haddon Transtor 

Hart, J. P.. é 

Henleys, W 

Henry & Thomas 
Hewlett-Packard (« 
Hilton Electric Co. Ltd 
Hinchley Engineering. Ltd 
Hivolt, Ltd 

Honey well-Brown, Ltd 
Hunt, A. H. (Capacitors), Lite 
Huntley. Bourne & Stever 


Iiford, Lid 

Imhof, Alfred, Lite 
Imperial Chemical Industr 
Industrial Exhibitions, Lid 
Insulond Manufacturing Co 


loco, Ltd 





Infinitely Variable Speed... 


... accurately controlled 


Sractional up to 35ur Drives 


...by either Hand, Remote 
Electrical, Lever or Hydraulic 
Relay controls which may be 
adjusted with the Gear 
running or stationary 

Carter Hydraulic 
Variable Speed Gears are 
made in ten sizes for 
drives from 0.25 up to 35 
horsepower. 

Positive displacement 
action ensures a high degree 
of ‘controlability’, a feature 
of prime importance for many 
continuous process drives. 


Write for Folder 458 


Remote Electrical control 
push button operated 

from any number 

of convenient points 

is shown fitted to 

a Size Fi0 Carter Gear. 
Limit switches are fitted 

so that maximum 

and minimum output speeds 
may be pre-set 

and special circuits can 

be arranged to give a wide 
range of operating times. 


Specialists for over 20 years in the 
design and manufacture of Hydraulic 


Variable Speed Gears. 
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BRADFORD 3 
YORKSHIRE is 


ENGLAND 











phone: Bradford 64378 (3 lines) 


grams Became’ Bradford Telex. 
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INDEX TO ADVERTISERS (continued from previous page) 


Pell, (Oliver otrol, Ltd 109 Standard Telephones & Cables, Ltd. Front Cover, 88 
s 
Permali, Ltd 18 Stevenage Relays, Ltd : 
5 
Phillips Control (Gt. Britain), Ltd 13 Swan Electronics 


Plannair, Ltd 63 
Plasticable, Ltd 156 
Plessey Co d 5 7.117 T 
ondon Ele r ‘ Power Jacks 138 Taylor Armand & Co., Ltd 

ons. Claude. Ltd 7 Powis. David. & Sons. Ltd 146 Taylor Electrical Instruments, Ltd 

Presspahn, Lt 148 Telcon-Magnetic Cores, Ltd 
P Ww ¢ . 7 Teleonics (Communications), Ltd 

si ~ ; Telephone Manufacturing Co. Ltd 
Texas Instruments, Ltd 
Thomas (Richard), & Baldwins, Ltd 
M.O. Valve Co : Transformer & Electrical Co., Lid 
Magnetic Devi 7 R lransitron Inc 

Magnetic & Electri Trianon Electric, Ltd 

Marconi Instruments c Rac 4 td 

Marconi's Wireless legr 1 ) Radio 

Melton Electronics ‘ Radio isto td =] U 

Metropolitan Plastics 7 Radio Servi 

iday Plastics, Lid 

Middleton Too! & Engineering Co.. Lid Ratcliffe, F. S. (Rochdale), Ltd 
Midiand Silicones, Ltd Rejafix, Ltd 2 Vv 

Minnesota Mining & Manufacturing Co } Rivlin Instruments, Ltd 
Morgan Crucible Co., Ltd Roband Electronics, Ltd —— oe ; - Ltd 
Mullare } 26 2 < eeder-Root ni 
Multicore Sold rs td 9 7 : Tg a = - Venner Accumulators, Ltd 

. oe, A. \ & Co., Ltd 

Murex, Ltd 
Murphy Radio, Ltd 


awrence Electror 


ewis Spring Co 
imread, Lid 
odge Plugs 


rw hehe we oe 


ondex, Ltd 


Umbrako Socket Screw Co 


Rollet, H., & Co., Ltd 
Royce Electric Furnaces, Ltd W 


WA-CO Precision Tools, Ltd 142 
Ww & Walters, Austin, & Son, Ltd 188 
Wandleside Cable Works, Lta 3 
Nagard, Ltd Wardray & Co., Ltd - 
Newmarket Transistor Co.. Ltd Salford Electrical Instruments, Ltd Stnaiss Hane Caeoabenten LAe 40 
Newton. H.T.. & Co : Salter, George, & Co., Ltd Weathershields, Ltd 150 
Norris Equipmert & Construction, Ltd Saxonia Electrical Wire Co., Ltd Webber, R. A., Ltd 159 
Scientific & Projections, Ltd Webb's Radio 148 
Semiconductors, Ltd § Westinghouse Brake & Signal Co ‘= 
rv . ale West London Iron & Wire Works 
o mane & Dintvenes Sales, 6.00 Westool, Ltd Inset between pp. 56 & 57 
Wilkinson, L. (Croydon), Ltd 159 
Oxley Developments Co., Lte Shell Research, Ltd Willesden Transformer Co., Ltd 
Siemens Edison Swan, Ltd Wingrove & Rogers, Ltd 
Sivers Lab 22 Winston Electronics, Ltd 
Smiths Clocks & Watches, Ltd Woden Transformer Co., Ltd 
P Smith, W. H., & Son, Ltd . Woods of Colchester, Ltd 


Servomex Controls, Ltd 


Painton & Co., Lid Solartron Electronic Group, Ltd 

Palmer. G. A. Stanley. Ltd t Soundrite, Ltd 

Panellit, Ltd Southern Instruments, Ltd 

Panorama Radio Company Spear Engineering Co., Ltd Zenith Electric Co., Ltd 
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A HIGH VALUE, GLASS ENCLOSED RESISTOR, 
OF HIGH STABILITY COVERING THE RANGE 10’ to 10'* OHMS. 
APPROVED BY THE M.O.S. TO A.E.R.E. SPECIFICATION 390. 


Further j r } bt od from 


THE MORGAN CRUCIBLE COMPANY LIMITED 


‘Y’ DEPARTMENT, NORTON WORKS, WOODBURY LANE, NORTON, WORCESTER 


Telephone WORCESTER 6691/2 Telegrams CRUCIBLE, WORCESTER 


¥.50 





Printed in Great § t i t Coombelands, Ltd., Addlestone, Surrey, for the Proprietors, Morgan Brothers (Publis s t E Street Strand, W.C.2 
Registered for Transmission by Canadian Magazine Post 





ramics 


Hunts announce their new ranges of Tubular and Disc Ceramic 


in their characteristics and robust in design, these capacitors are 


in High-K, 


High-Q and Special Purpose Tubulars and in Hig! Discs. 


Full technical specifications on request 





HIGH-@ TUBULAR 
STANDARD CAPACITANCE RANGES 
Capacitance Length of 

Range Insulated Tube 
Picofarads Millimecres 
*Type P1009. Temperature Coefficient 

(- 100 


100) « 10-*pF/ pF 





5 to 
| to 
| 
| 
! 
| 
| 


! 
7 
i to 
16.1 to 
26.1 to 
33.1 to 
40.1 to 
50.1 to 
*Type N33. Temperature Coefficient 
(33 60)» 10-* pF pF) C 
5.0 to 27 il 
27.1 to 45 
45.1 to 69 
69.1 to 100 
100.1 to 140 
140.! to 180 
180.1 to 220 
220.1 to 250 
*Type N/50. Temperature Coefficient 
(—750 250)~ 10-* pF pF C 
10.0 to 80 i 
80.1 to 110 13 
110.1 to $80 16 
180.1 to 240 2! 
240.1 to 350 26 
350.1 to 450 31 
450.1 to 550 36 
550.1 to 650 4) 
*Capacitors with closer limits of Tempera 
ture Coefficient can be supplied by special 
arrangement 





HIGH-K DISC 
STANDARD CAPACITANCE RANGE 


HIGH-K TUBULAR 
STANDARD CAPACITANCE RANGE 
Capacitance Length of Insulated 
Picofarads Millis ' 
TB1000 TB3000 
470 i CD8K 
i CD8K 
800 i ( CD9K 10.5 
13 | D9K 10.5 
16 CDIIK 7 12 
19 CD12K 13 
19 CDI4K 14.5 


MATERIAL EMPLOYED 


temperature coefficient graph 

the material ts such that the 

capacitance increases with temper- 

acure from 20 C until it reaches a 

peak at approximately 50 C With 

a further increase of temperature 

POWER CERAMICS 

the capacitance falls, reaching its 

Ranges of Power Ceramics and 20 C value again at approximately 

Temperature Compensating types 80 C 

Maintenance of capacitance is thus 

ensured from 20°C to 80 C 


are also available 


Details on application. 





HUNTS 


A. H. HUNT LTD. 


(Capacitors) 


WANDSWORTH, LONDON, S.W.18 BAT 1083-7 
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AND MORE 
MANUFACTURERS 


Ersin Multicore 


TYPE 1 ALLOY 


-—to reduce bit wear in their Factories 


The cost of maintaining and replacing soldering of Savbit Type 1 Alloy, did not affect the speed ot 
irons can be considerably reduced by the use of soldering 
Ersin Multicore Savbit Type | Alloy, now being Savbit Type | Alloy costs approximately £) 
adopted by many manufacturers of radio, television per cwt. less than standard €0/40 alloy of similar 
and electronic equipment. The new alloy, incor- gauge For fuller information write to the 
porating a small percentage of copper, prevents Multicore Technical Service Department 
absorption of copper from the bit into the alloy 
and extends the life of copper bits up to 10 times 

During the extensive tests under actual pro- 
duction line conditions it was proved that the use 





The I lb. Reel of Savbit 
Type | Alloy contains 
approximately 170 feet of 
IS S.w.g Core solder 
It is the tdeal pack for 
Service Engineers and 
others using compara- 
tively small quantities of 9 gauges. Prices on 5/- each C 
solder. 15/- each (subject). application (subject) . 


ticore Savbit Type |! Alloy or 
Ersin Multicore 5-Core Solder 
in the following specifications 


supplied on 7 Ib. Reels 
for factory use. Ersin 
Multicore 5-Core Sol 


. . , 
der 1s also supplied 1 


- 
- 
Savbit Type | Alloy is Oa Contains $3’, 18s.w.g.Ersin Mul 
sit 
oF 





Al* 
rat ata e 
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Ref N 
6 other illoys and 60! 


1LB. REELS a, ||. REELS me SIZE 1 CARTONS 


4 
8 
4013 
4U 16 


Bib RECORDING TAPE SPLICER Bib WIRE STRIPPER & CUTTER 


. te : . 
This sturdy nickel-plated instrument enables This handy little tool strips insulation 
recording tape to be jointed quickly and 
accurately. It incorporates 
many refinements and - p 
saves its cost by = = twin flex. Adjustable to most wire 
affording big economies thicknesses by the turn of a screw 
in recording tape Invaluable to amateur and professiona 

afle 1 

Instruction leaflet with electricians alike. 3/6 each (subject). 
every splicer. 18/6 each (sibyject). 


MULTICORE SOLDERS LTD., MULTICORE WORKS, HEMEL HEMPSTEAD, HERTS. (BOXMOOR 3636) 











without nicking the wire, cuts wire 


cleanly and splits plastic extruded 
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